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Thls course is for chemists &nd techniciang with little or no experience
in inorganic analyses commonly required for the National Pollutant
' Discharge Elimination System (NPDES), the National Interim Primary !
* Drinking Waten Regulations (NIPDWR) and for other water qiality
programs. Applicants should have one yéar of college level inorganic
chemistry and one semester ‘of college level quantitative analysis
(or equivalent). They should have basic laboratory skills ifcluding . y
use of analytical balances, volumetric glagsware and titration .
assemblies. They should be actively engaged in a water quality oLt
l- ) control program. I 1
A . ! .
After successfully completing thé course, the student will know the
genera) classes of methods listpd as approved in the Federal Register
' for analysis of inorganiq pollutants and will be able to use the methods
to measure each parameter selected for the course. "He will also .
know héw toapply quality assurance techniques to his work and.how
to validate his analytical accuracy and precision.

The training is a five-day course which includes classroom instl.lction.
" stugent performance of laboratory procedures, and discussion of each
) laboratoi’y au'slgnment and 'reported results. o -
*
. / .
e student will pertorm the test procedures for acidity and amaum} N T
\r.ltrations to pH erd points), hardness (EDTA titration), chlorine
. (ampet:lc;rjetric backstitration), total phosphorus (persulfate digéstion, a
ascorblo‘acid reduction, colorimet,ry). fluoride (SPADNS colorimetty
¢ i and lon electrode), nitrate and nitrite (cadmium reduction,-colorimetry),
* total and suspended solids (gravimetric), turbidity (nephelometer),.
arid specific conductance (Wheatstone bridge condictivity meter). . )
* Othey topics are sampfe handling; compliance methodology: aécuracy,
x precisl.:m and error of data; elements of quality assurance progranms.

.
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‘ ) Ui S, ENVIRE)NMEI'JTAL PROTECTION AGENCY ,
- A Otfice of Water Program Operations ’
Natfonal Training and Operational Technology Center .
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DISCLAIMER .
. .
Al 4

The mention of trade namesg or E:mnmercial products in
this publication 18 for illustration purposes and does po
constitute endorsement or recommendation for wse by

the U. S. Environmental Protection yency.
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. I PLANNING A SAMPLING PROGRAM

.

A Factors t Qonstder: 3

1 Locatin

4
.2 Sa\mpling equipment
3 Type of ea'l'pple x.'equired
+a grab® Lo
b composite -
4" Amount of sample ;:'equired ‘
5 “Frequency of eojl.oction .
6 ‘Preservatton measures, if any
B Decisive Criteria " A

. 1 Nature of the sample source

sampling sites - ..

2 Stability of constituent(s) to be measured

3 Ultimate use of data %

. «
[

-

0 REPRESENTATIVE SAMPLES .,

If a sample iS to provide meaningful and ,
valid data about the parent population, it
must be representatiye of the conditions
$exlsting-ln thdt parent source at the.
sampling locatton Coe b,

A  The contajner should be ringed two or
three times with.the water to be collected,
B _Composttj.ng ngples ~ N ; *
1 For some sources, & composite of |
samples i8 made which wtll represent
' the average situation f e .

constituents. - v T

a » «f

-

2 The nature of the constituent to be
détermined may require a series of

-

, separate samples. -~ ~ -
. s <
. ’ s "n - \i ) )
Ll A " ?"
WP, FUR 39.61.11 80. C . e

L] (\ .
5 . £ . . -
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SAMPLE HANDLING - FIELD THROUGH LABORATORY J

”

E3

’
.

C The equipment used to collect the sample
is an important factor'to ¢onsider.
ASTM{) hag a détailed section on various
sampling devices and techniques.

*

D Great-care mugt be exercised when "o, .
collecting samples in sludge or mud areas
and near benthic deposits, No definite
procedure can be given, but careful
effort should be made to obtam a rep-
* resentative sample. .
-

*

I SAMPLE IDENTIFICATION.

A jEach sample must be unmistakably
identified, preferably with a tag or label,’
The required information should be planned
in advance. ,.

B An information form preprinted on the
tags or labels provides uniformity of
. sarhple records, assists the'sampler, and

. helps ensure that vital information will

not be omitted.

rd

C Useful Identification Information mc,'lydes:

sample identity code
signature of sampler
signature of witness
description of sampling location, de-
tailed enough to acc.onimodate repro-
ducible samphng. (It may be more
convenient to record the details in the
field recoxd book).

5 sampling equipment used . .

6 date of collection

7" time of collection

8" type of sample {grab or compos;te)

9

0

o LB =

-

water temperature

sampling conditions such as weather,
water level, flow rate of source, etc.

any preservative additions or techniques +
recotd of any determinations done in /§ .
the field

type of ﬁnalyses to be done in laboratory

¢ s
-

A
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Sample Handling - Fiéld Through Lahoratory

'y - .
. ” 1 \
»

IV SAMPLE CONTAINERS

A Ava.:".lable Matérlals .
1 glass .
2 plastic *

3 hard rubbet

e . ’

B Considerations

1 Nature of the samplg - Organics
attack polyethylenea =

Natui‘e of constituent(s) to be determined

[ %]
-

- Cations can adsorb readily on some
plastics and on certawn glassware.
Metal or aluminum {oil cap liners can
interfere with metal analyses.

3 Preswrvatives to be uséd ~ Mineral
actds attack some plastics.

4 Mailing Requiresnents - Cofitainers

- should be large enough to allow extra
volume for effects of temperature
changes durmg transit. All caps
should be securely in placé. Glass
containers must be protected against
breakage. Styrofoam linings are
‘Tuseful for protecting glassware

C Preliminary Check

Any question of possible interferences -
7 related to the sample container should
be regolved before the study begins, A
. preliminary check should be made using
' corresponding sample materials, con-
* talners, preservatives and analysis.

D Cleaning . ~

»
r

if new containers are to be used, prelim-
inary cleaning is usually not necessary.

-~

. 1

If the sample containers have been used
previousgly, they should be carefully
“cleaned before use. -

There are several cleaning methods
available. Choosing the best method in-
volves careful conaideration of the nature
of the sample and of the conqtltuent(s) to
be determined.

»

V SAMPLE PRESERVATION . :

“ Every effort should be made to achigve

A Functlons - L

1 Phospha:te detergents should not be
used to clean comtainers for phosphorus
samples. | .

2 Traces of dichromate cleaning solution
will int€rfere with metal a{lalyses
> - W

— -

E Storage- . LT .

Sample contamners should be stored and
transported in a manner to assure their
readiness for use.

the shortest possible interval between
sample collection and analyses. If there
must be a delay and 1t is long enough to -
produce significant changes in the sample,
preservation measures are required.

At best, however, preservatiorf efforts
can only retard changes that inevitably
continue after the sample is removed
from the parent population.

»

-
*

Methods of preservation are relatlvely
limited. The primary functions of tho
employed are*

1 to retard biological action
2 to rétard precipitation or the hydrolysis |

ofichemical compounds and complexes
3 ‘o reduce volatility of constituents.

B General M_ethods

1 pH control - This affects prec'i
of metals, galt formation and can
inhlb/{ bacterial &ction.

2 Chemical Addition -,The choice of
chemical depends on the change to ke
controlied. : 1

% -
4

Mercuric chlq;ride i§ commonly used

as a bacterial inhibitor. Disposal of
the mercury-contdining samples is a .
problem and efforts to find a substituté

for this toxicant are underway. “
. - A
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»  Sample Handling - Through Laboratory
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" To dispose of solutions of inorganic ) guality of our Nation's Waters and to deter-
mercury salts, a recommended mine the impact of waste discharges. The .
procedure #8310 capture and retain the title of this manual 18 " Methods for Chem- ¢

galts as the sulfide at a high . cal Analysig of Water and Wastes, n{2)
P Several firms have tentatively . ',

greed to accept the mercury sulfide for
re-processing at‘ter'preliminary con-
ditions are met.

- For some tests| this manual refers the
analyst to Standard Methods and/or to

. ASTM for the stepwise procedure. .
. , .
» 3 [Refrigeration and Freezing - This is B Standard Methods - '
the best preservation techmgyue avail- .
) able, but it 18 not applicable to all The American Public Health Association,
types of samples It i1s not always a . the American Water Works Association
. practical techmque for field operations. and the Water Pollution Control Fedgration
prepare and publish & volume describing”
C Specific Methods . methods of water analysis. These include
! physical and chemical procedures. The
The EPA Methods Manual(z) includes a ! title of this book 1s ""Standard Methdds
table summarizing the holding times and for the'Exammauon of Water and Waste-
preservation techniques for several water."(3) . ¥
analytical;procedures.. This information .
also cfxln tzaeaf)Ound in the standard refer- C ASTM Standards
ences(1.2,3) ag part of the presentation . ’ >
of the individual procedures. The American Society for Testli'ng an'd
: , Y Materials publishes an annual book*
o of specifications and methods for testing P
D Federal Register Methods Thaterfals. The "book’ currently con-
- ’ . The part applicable *
When collecting samples to be analyzed r?ois;:g:; l;agtoik tltledr:a :Anfn!:al Book,
for National Pollutant Qischarge Elimi- of ASTM Standards', Part 31, water. V)
nation System.or State Certification , -
mBport purposes, one must co(%:;ult the . . .
appropriate Federal Registeriv) for Other R nces
information about sample handling pro- D er Refere )
cedures. When collecting samples to “Current literature and other books of
be anf;];mﬂed for COmisl:.iance with ymaximum \ analytical procedures with related in-
contaminant levels rinking water, formation are available to the analyst.

consult the EPA Report!®) which includes

this Information. _~ 1
. . E Federal Register Methodolbgy

. . The analyst must consult the appropriate
VI METHODS OF ANALYSIS d Federal Register for, a listing of approved
methodology if he is gathering data for
Standard reference books of analytical National Pollutant Didcharge Elimination <
procedures to determine the physical System ° or State Certification!® report 5
and chemical characteristics of various purposes, or to document compliance :
types of water samples are avallable, _ with maximum contaminant levels in |
. drinking water(7), The Federal Regigter :
A EPA Methods Manual directs the user to pages in the abbve |
The Environmental Monltoring and cited reference books where acceptable ‘
Support, Laborftory of the Enyironmental procedures can be found. The Federal |
Protccﬁ:‘li:‘gencym has published a Register also provides wnformation con-
manual of al procedures to + cerning the protocol for cbtaining approval

to use analytical procedures other than

odology for monito th
provide methodology for monitoring the those Msted. .

-

v ]-3
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Sample Handling - Field Through Laboratory
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Vil ORDER OF ANALYSES , Vil REQORD KEEPING | /
/  The ideal situation 18 to perfyrm all The 1mportance of maintaining a bound,
analyses shortly after sample collection, legible record of pertinent information
In the practical order, this is rarely on samples cannot be over-emphasized.
possible, The allowable holding. time T" )
, for pregerved samples is the basis for A TField Operations )

schedullng analyses.

rF

A bound notebook should be used. Infor-

A The allowable holding time for samples _mation that should be recorded includes,
depends on the nature of the sample, the . . i
gtabllity of the constituent(s) to be defer- . 1 Samgple identification records (See
mined and the conditions of storage. Part D g -~
1 For some constituents and physical 2 Any information requested by the

values, immediate determination is analyst as significant

required. e.g. dissolved oxygen. pH. — .
3 Detalls of sample preservation
2 Using preservation techmques, the )

holding times for other determinations . 4 A complete/record of data on any
range 'frorn 24,hours (BOD) to 7 days determinations done in the field.
t{COD), t)als may be held up to_ {See B, next)
. 6 months. { =
. . 5 Shipping detalls and records .
3 The EPA Methods Janualt®! and Standard N .
Methods(3) include  table summarizing . B Laboratory Operations
holding times and preservauon techniques . L.
for several analytical procedures. Addi- Samples should be logged in as soon as
tional information can be found in the received and the analyses performed as
standard references(}s 2, 3) ag part of soon &s possible.
the presentation of the individual pro- s
tedures. A bound notebook should be used. Pre-
- printed data forms provide uniformity of
4 A table with proposed holding times and records and help ensure that required
_ preservation techniques applicable to L information will be recorded. Such sheets

sdmples collected for National Pollutant , should be permanently bound. '
Discharge Elimination System or State .

Certification purposes was publighed in Items in the laboratory IL\tObOOR would

the December 18, 1979 Register®), A rinclude:

similar table for drinking water samples
can be found in a May, 1978 Report{5). sample identifying

date and-time of ¢ llectiOn

date and time of analysis

+

5 If dissolved concentrations gre sought,
filtration should be done in the field if ~ the analytical method used  ~
. /at all possible. Other wise, the sample any deviations from the analytical
{g filtered as soon as it i8 received in method used and why this was done
the laboratory. A 0.45 mierometer data obtained during analysis
membrane filter {s fecommended results of quality control checks on .

',r

[ I . ) [ XN L I

for reproducible filtration. the analysis )
information useful to those who
B The time interval between collection and i.n erpret ¥nd use the data '
analysis is8 important and should be re- . 9 signature of the analyst
corded in the laboratory record book. S ‘
vr; 1
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iX SUMMARY . )
6 '""Manual for the Interim Certification of

Valid data can be obtaihed only from a repre- Laborataries Involved in Analyzing
sentative sample, unmistakably identified, Public Drinking Water Supplies -
carefully collected and stored. A sgkilled Criteria and Procedures,” U.S. EPA
analyst, using approved methods of analyses . Report No. 600/8-78-008, May. 1978.

and performing the determinations within . . .
the préscribed time limigg, can progduce data 7 Federal Register, 'National Interim

for the sample. This data will be of value Primary Drinking Water Regulations, "
only if a written record exists to verify sample Vol. 40, No. 248, Decengber 24, 1973,
history from the field through the laboratory. pp 58566-59574. Alsu, 'Imterim Primary
- ; Drinking Water Regulations; Amendments, "
i . Vol. 45, No. 168, August 27, 1880,
REFERENCES _ pp 57332-57346.
l ' AswrtAg?ua\irft?;k (>lt9§;andards“ . This cutline was prepared by Audrey Kroner,
' ! * Chemist, Nattonal Training and Operational

Y . ’ Technology Center, OWPO, USEPA, .
bt 2 Methods for Chemdical Analysis of Watet Cineinn agfr Ohlo 45268 -

and Wastes, EPA-EMSL
Cincinnati, Ohlo 45268, 1979.

. ’ . - Collections,
3 Standard Methods for the Exarmnation of riptors: On-Site Data
Water and Wastewater, 14th edition ;e On-Site Investigations, Planming, Handling,

i ling, Surface
~AWWA-W . 1975, Sample, Sampling, Water _Samp
s APHE {‘w A-WRCE Waters, Preservation, Wastewater !

4 Dean, R.s Willlams, R. ahd Wise, R.,
Disposal of Mercury Wastes from ’
Water Laboratofies, Environmental ‘ ; /
Science and Tgchnology. October, '
1971. ,
‘s Federal Register. "Guidelines Esta- . .
) blishing Test Procedures for the . )
Analysis of Pollutants,." Vol. 41,
No: 232, December 1, 1978, pp
pp 52780-52786. Also, Vol. 44,
No. 244, December 18, 1979 ’
pb 75028-75052 presents proposed .
- . changes. The latter is scheduled : h
for ﬁnallz;ztion after January, 1981.
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t METHODOLOGY FOR CHEAICAL ANALYSIS OF WATER AND WASTEWATER .
’ . —— .
. | lNTRODUCTION A pl{ Meters
This outline deals with chemical methods which pﬂ (hydrogen 10n condentration) is meas-
are commonly performed n water quahty * ured as a difference 1n potential across a
laboratories. AlthOughﬁ/erge number of glass membrane which 1s 1n contact with
constituents gr propertres may be of interest the sample and with a reference solution.
. to the analyst, many of the methods empioyed The sensor apparatus might be combined
to measure them are based on the same 1nto one probe or else it is divided into an
analytical principles. The purpose of this indicating electrode (for the. sample) and a
outline®is to atquaint you with the principles reference electrode (for the reference i
. involved In commonly-used chemical methods solution). Before using, the meter must
’ to determine water quality. . \ be calibrated with a solution of known pH
. . . : . ) - {a buffer) and then checked for proper
) : operation with a buffer of a different pkl
N PRE-‘TREATI{/IENTS , value, | Teow
. For some parameters, a preliminary treatment B Dissolved Oxygen Meters * .
18 required before the analysis begins. These p
treatments Serve various purposes. stsolveﬁﬁoxygen meters measure the . |
. o production of a current which 15 proportional |
A Distillation = To 1solate the constituent by to the amount of oxygen gas reduced at a f
heating a portion of the sample mixture to cathode in the apparatus. The oXxygen gas
\ separate the more volatiie part(s), and then enters the etectrode through a membrane,
cooling and condensing the resulting vapor{s) and an electrolyte solution or gel acts as a |
to recover thel volatilized portion. transfer and reaction media. Prior to use |
. the meter must be calibrated against a known
- B Extraction 5To isolate/cdncentrate the - oxygen gas congentration.
constituent’by shaking a portion of the i .
- sample mixture with 2P immiscible solvent C Conductivity Meters
»in whichithe constituent 18 much more ’ ;oo
soluble. Specific conductance 18 measured with a
. ¢ meter containing a Wheatstone briige which
C Filtration - To separate undissolved matter < measyres the resistance of the sample
from a 8ample mixture by passing a portion solution to the transmission of 4n electric
! of it through a fﬂter of specified si1ze. current. The meter and cell are calibrated
Particles*that are dissolved in the original according to the conductance of a standard’
mixture are so small that they stay in the solution of potassium chloride measured.
sample Solution and pags through the filter. at 25°C by a "standard” cell with electrodese !
’ ' . one cm square spaced one cm apart. This
. D Digestion - To change constituents to a form is why results are called "specific” con-
I - amenable to the specified test by heating a ductance. . . : .
portion of the’dample mixture with chemcals. '
") D Turbidimeters
III METERS - A turbidimeter compares the intensity of
i . .- . light scattered by particles in the sample
. For some parameters, meters have been under definedl cMditions with the intensity
designed to measure that specific constituent of light scattered by a standard reference

or property. i guspension.
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LaF/test solution/SCE/. 1t is used in con=
Junction with a standard single junction
reference electrode.
. v ! Ov
V GENERAL ANALYTICAL METHODS
A Volumc‘c ,Analysfs

Titrations involve using a buret to measure
the volume of a standard solution of a sub~-
stance required to completely react™with.
the constituent of interest 1n a measured
volume of sample. One-can then calculate
~ the original concentration of the constituent
of Interest, .

-

-. The‘re are various ways to detect the end

point when the reaction i{s complete. |

MC’ B - . ‘

Ale moajulf.)}g\, for ( henuecal Analysis of water and Wastew ater X / .

IV " SPECIFIC ION ELECTRODES 1, Color change indicators '
Just as the conventional glass electrode Z: :n;::s“::%(: ox:?h:::l::: ?:alé:?;za:: r Wh.ICh ) *
for pil ‘.jew‘bps an electrical potent}al n complete, For example. in the Chemical
response to the activity of hydrogenion Oxygen Pemand Test the indicator,

v . 10 solution, the specific 10n electtode ferrbin, gives a blue-green color to the .
develops an electrical pot;nha! In respohse mixture until-the oxidatien-reduction

., to the activity of thesion for which the electrode reaction 1s complete. Then the nnxtur(,-/’
1s specific, The potential and activaty are 1s reddish-brown. - .
related according to the Nernst equat on. ' ] - J
Simple analyfical techmques can be applied . Several of these color-change titrations .
to convert activity te an expréssion of con- # make use of the 10dometric process . ;
centration. whereby the constituent of interest quan-

i titatively releases free 10dine. Starch * J
These elqctrodes are used with a pH meter 18 added to give a blue color uhtil enough
with an expanded mV scale or with a specific reducing agent (sodium thiosulfate or
) 1bn meter. iTwo examples are the ammonia phenylarsine oxide) 1s added to react . 1
N and ﬂu?n_d electrodes. .. ) with all the 1odine. At this end pomnt, ‘ =
] y ' the mixfure becomes colorless.

A Ammoma - ' 2 Electrical.property indicators . . |
The ammonia electrode uses :hydr_ophoblc ‘Another way to detect end points 1s a !
gas-permeable membrane to separate.the ,.change 1p an electrical property of the v |
sample golution from an ammonwum chloride "solution when the reaction 1§ complete. . I

. internal splution. Ammonia in thg sample ;In the chlorine titration a cell containing .
diffuses through the menibrane and alters potassmm chloride will produce a small ,
the pH of the internal solution. which 13 \ , direct current as long as free chloriné .
senged by a pH electrode. The constant = 1s present,» As a reducing agent {(phen- I
level of chloride in the internal solution 1s ylarsine oxide) 1s added to reduce
sensed by a chloride selective 10n electrode the chlorine, the microammeter which,
which acts as the reference electrode. ' measurqs the €xisting direct current
registere a lower reading on a scale. - |
B Fluoride By ¢bserving the scale, the end point of

. total reduction 4f chiorine can be o
The fluoride electrode. consists of a lanthanum determined because the direct current s
fluoride crystal across which a potential fs . ccases. - ~
developed by fluoride 10ns. The cell may be .

. represented by Ag/Ag Cl, CI (0.3),F (0.00p)  ° Specifiedendpoints ¢

For acidity and alkalinity titrations, the
end points are specified pH values for
the final mixture. The pH values are !
those existing when common acidity or '
alﬁallmty c0mponents have been neutral-
1zed. Thus acidity 1s determuned by
titratlng the sample with a standard
alkali to pH 8. 2 when carbonic acxd
wguld be neutrahzed to (HCQ,;)'. Alka=
linity (except for highly acidic samples)
18 determmed by titrating the sample
with a standard acid to pH 4.5 when the
carbonate present has been converted

to carbonic acid. pH rpeters are used to’ ‘ ’
detect the speciied end pownts. -+ |

‘12 .
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B- Gravimetr'-ic Procedures ’ [ A mc Absotption »
- Gravimetric méthods involve direct . .- Atomic Absorption TAA) mstruments utilize

,’ werghing of the consmueutqn a. conj;amer
“An empty container i1s weighed, the.

* . constituent 18 éeparated from the sample

mixture and 1splated 1n the «<contdwner, thén

K ,~ before and after contammg e constituent
represents thew&ight of the constituent.

used to separate the constituent fgom the

I !:.. » Gample mixture. [n the solids determmatlons
o. - ontainer 1s an evaporatirig dish (total or

, J dissoMxed) or a glass fiber filter disc m a

- .cru.c'lble 5pended). For o1l and grease,

“the container 18 a flagk contgmmg’a residue
" after evapo?atlon of a solvent.

. -
» N -

c Combustion . :
- L d *
Combustior means to add uxygen. In the
] Total Qrganic Carbon Analysis, combustion
is used within an'instrument to convert
carbonaceous material tao carbon dioxide.
. An Med analyzer measures the carbon
dioxidé. )
@; P . ,. x

-

VI PHOTOMETRIC METHODS

These methods involve thb-_measu;'amént of light

+ that 1s.absorbed or transmitted quantitatively
either by the constituent of interest lse by

a substance containing the constituent of interést..

which has resulted from some treatment of
the sample. The qugﬁtztahve aspect of these
.photometmc methods 8 based on «3Pplying the _
. Lambert-Beer Law which est%bhshed that the
amount of light absorbed is quantitatively
related to the concentration of the absorbing
medium at a given wavelength and a giver
. thickness of the medium ghrough which the
light passes. 4

o

-

od requires preparmg & set of
td solutions containing.known amounts
of the cgnstituent of interest, Photojnetric
valdes Pre obtained for the standards. These
.are ugsed to draw a calibration (standard) curve
by plotting phdtometric, ‘Vlues against he
concentrations. Then, by locating the photo-
metrie value for the sample on this stangdard -
. surv®, the unknown concentration jn the \
samﬂle can Be determined. . :

. LS -\‘_
” s'

the container with the consfltuent 1s weighed.
. .The difference in the welghts of the container

.« The type of container depends on the method

"

g

absorpfion of Liglit of a charactpristic wave-
ler;gth This form of analysis finy
aspirating sol’utxons of metal1ons (cations)
.or molecules contalning mictals into a
. flame where they are reduced to mdp.u{ual

atoms 1n a ground electrical state. In this
conditign, the ator§s can ab®ry radidtion
of a wavelength characteristic for each
elemeént. A lamp containing the element of

. est as the¢ cathode 1S used as a source
‘u?mt the claractefistic line spectruin for
the elemerit to be determined. '

- .. . -
R v

The amount of energy abso:bed 15 directly
relatéd to the concentratlon of thé eltnicut
of interest. Thus the Lambert- ~Beey Law
applies. Stahdards can be prepared and
lested and the resultujg absorbance vaﬁue;
can be used to ‘construct a calibration
(standard) curve. Then the absorbdnce

. value for the sample is located on this wurve
(o determine the o % esponding concentration.
Ornice the igstrument is ad,;usted to give
optimum readings for the element of wntes est,
the testing of each solution can be done 1n
a lqa‘iter of seconds.- Many laboratories
wire recorders into their instriments to
rapidly transcribe the data, thus conserving
time spént on this aspect of*the analysis.
Atomic absorption techniques are generally
used for metals and semi-metals in sclution
or else solubilized through some form of
gsample processing. For mercury, the
prmclple 18 utilized but the alsorption of
light occurs in a flameless situation with
the mercury in the vapor state and contained
in*a closed glass cell. .

i Y P
B Flame Emission . °¥\

Bowes”
Flahe gmission photbmetry Mvolves

meastring the ambunt of hght given off by
. atoms drawn into & flame. At certain
temperatures, the flame raises the electitons
i atogns to whigher energy level. When
. the electrons fall back to a lower energy .
) " level, the atoms lose (ermit) rachant enérgy ~
wh:ch can be detected and meaSureq

Agam standards must be prepared and
tested to pz‘epare a calibration [standard)
curve. Then. the transmission value of the
sample, can be Jocdted on the curve to

- dqtermlne its copcentration. .
. Many atomic absorption instruments can be
used for flame emission ghotometry.
Sodium and potassium are very effectively
_determined by the emission technique.

' - . 23
. , -
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Hovlever, lor many elements. absorption
y8186 i3 more sensitive because there
i great number of uneseited atoms in the
Prame which are available to absorb the

radiant energy.

e

’

T .

Colonmetry

Colorimetric analyses involve treating
standards which contain known Joncentrations
of the constituent of inter'est and also the
,sample with reagents to produce a coloreg
solution, The greater the concentration of
'the.constituent, .the more intense will be

the r®sulting color., 7 .
The Lambert-Beer Law which relates the
abgorption of light to the thickness and
concentration of the absorbing medium
spplies. Accordingly, a spectrophotometer
i8 used t e'a,sure the. amount of lyght of
appropriate wavelength which 1s absorbed
by the same thickness of each solution.

The results from the standards are used to
gonstruct a calibration {standard) curve.
Then the' absorbance value for the sample
15" located on this curve to determine the
corresponding cdncentration.

Many of the metals and several other
parameters (phosphgrus, amrhonia, nitrate,
‘mtnte, ¢tc. } are determined 1n this
manner.

-

E

i GAS-LIQUID CHROMATOGRAPHY g

(ﬂqmatography techniques separa=-
fion of the components in a uging
a difference in the physical pfop 1e8 of the
_components. Gas-quuxd Chromatography ‘
AGLC) wmvolves separafion baged on a differ-
ence 1n the properties of volatility and solu-
bility. The gnethod 18 used to determme -
algicides, ghlormated organi¢-compounds

and pesticides.

The sample 18 introduced into an injector
block which 18 at a hlgh temperature (e.g.
2110°C), causing the liquid sample to volatilize.
An inert carrier gas trangports the sample )
components through a liquid held in place as

a thin film oryan fnert solid support material
in a column. *

EF

C

Methodology for Chemical Analysis of Watér and Wastewater

‘4 determined from_tlus graph.

b

‘ \

Sample components pass through the coluin ~

at a speed partly governed by the relative
solubility of each in the stationary liquid.

Thus the leagt goluble components are the

first to reach the detector. The type of. *
detector used depends on the{¢lasd of compounds
involved. .All detectors function to sense and
measure the quantity of each sample component
as 1t comes off the column. The detector
siggals a recorder system which registers
a response.

1

F L]
A5 with uthiel Misti wiental mctﬁods, standards
with known concentrativns of the substance of
mteresl are measured on the msirument A
calibration (standard) curve can be developed
and the concentration in a sample can be
i

Gas—hquxd n:.hromatography methods are ;_ery‘
sensitive (nanogram, pitogram quantities) so
only small amounts of samples are required.

On the other hand. this extreme Sensitivity .
often necesgsitates eatensive clean-up of
samples prior to GLC analysis.

Vil AUTOMATED VETHODS

»

4

The mncreasing number of samples and
measurements to be made 1n water quality
laboratories has stimulated efforts to automate
these analyses. Using smaller amounts of <
sample (semi-micro tech’mques), combining |
reagents for fewer measurements per analysis,
and using automatic dispensers are all means
of saving analytical tume.
However, the term automft:d laboratory |
procedures’ usually means automatic intro-
duction of the sample into the mstrument,
automatic treatment of, the sample to test for
a component of interest, automatic recording
of data and, increpsingly, automatic calculating
and print-out of data. Maximum autornation
systems wmnvolve continuous samnpling direct
from the source {e.g. an in-place probe} with

% telemetering of results to a central COmputer.

Automated methods, especially those based on
coloritnetric methodology, are recognized for
several water quality parameters including
alkalinity, ammorua, mitrate, nitrite, phosphorus,
and hardness,

'.V
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IX SOURCES OF’PROC!;lDURES ' X ACCURACY AND I:-‘REC,ISIO'N
Detalls of the procedure for an individual

. »
.

A Of the Method

-
-

I'd

measurement can be found in reference bqoks.
There are three particulgrly-recognized booke
of procedures for water quality measurements.

A Standard Methods(1)
The American Public Health Assoclation,
the American Water Works Associatlon

" and the Water Pollutien Cgetrol Federation
prepare and publish "Stanlard Methods, for
the Examination of Water and Wastewater.
As indi¢ated by the }{st of publishers, this
book contains methods devel.e?ed for use by

" those interested in water or wastewater

treatnient. ’

B ASTM Standards*?)

"

L

The American Soctety for Testing and
Materjals publishes an "Annual Book of
AST)f Standards" containing specifications

° and methods for testing materials, The
"book' currently consists of 47 parts, .
The part applicable o water was formerly
Part 23, 1t 18 now Part 31, Water,

, The methods are chosen by approval of the
membership of ARI'M and are jntended to,
aid industry, government agencies and the

_general public, Methods are applicable to
industrial waste watérs as well as to other
types of water samples. .

C EPA Methods Manuall3)

The United States Environmental Protection
Agency publishes a manual of '"Methods for
- Chemical Analysie of Water and Wastes, "

. EPA developed this manual to provide
methodology for monitoring the quality of

+ our Nation's waters and to determine the
impact of waste dischirges. The test pro-
cedures were carefully selected to meet
these needs, using Standard Methods and
ASTM as basic referendes, In many cases,

» the EPA manual contains completely
described procedures because they modified
methods from the basic references, Other-
wise, the manual cites page numbers in 4
the two references where the analytical
procedures can be'found.

. . . '_/’

¥

. /One of the criterma for choosmé methods

to be upged fdr water quality analysis is that

the method should measure the desired

property or constituent wtth ptecysion,

accuracy, and specificity sufficient to meet

data needs. Standard references, then, &
include a statement of the precision and '
accuracy for the method which 1s obtained '
when {usually) several analysts in Jdiiferent
laboratories used the particular method,

Of the Analyst . ’

Each)nalyst should check his own precision .
and gccuracy as a test of his skill wn per-

forming a test. According to the L. 5, EPA
Handbook for Analytical Quality Control (4,

he can do this in the following manner.,

To check precision, the analyst should

analyze samples with four different
doncentrations of the constituent of interest, .
gseven times ¢ach, The study should cover
at least two hours of normal laboratory
operations to allow changes in conditions
to affect thie results. Then he should
calculate the standard deviatign of each of
the sets of seven results and compare his
-values for the lowest and hxghest co
trations tested with the standard devxatxou
value published for that method in the reference
book, (It may be stated as % relative

standard deviation. If 80, calculate

results in this form.) An igdividual

should have better values than those

averaged-from the work of several . -
analysts, . )

-

To check accuracy, he can use two of the
samples used to check precision by adding
a known amount (spike} of the particular
constituent in quantities to double the lowest
concentration uged, and to bring an inter~
mediate concentration to approximately 75%
of the upper lamit of application of the
method, He then analyzes each of the spiked
samples Beven times, then calculates the
average of each set of seven results, 'I‘o,
calculate accuracy in terms of % recovery,
he wi}l also need to calculate the average of

' 2-5




’ . .% Recovery
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the results he got when he analyzed the
unspiked samples (background). Then:
&

-, ‘..
observed ~ bacl'('ground

Pel
»

The actyal caloulation involves volume-

coficentrafion calculations for, §ach term

If the published accuracy is staf’edas *
% bias, subtract 100% from % recovery
to compare results. Again, the iridividual
resuit should be better than the,published
figure derived from the results of several
analysts.

.

e

C Of Daily Performance

Even after an analyst has demonstr&ted his
personal ‘skill 1n performing the ar?alys:s.

a daily check 6n precision and agcuracy
should be done. About one 1n every ten
samples should be a dupllcate %o check
precision and about one in eveqy ten samples
shotld bg spiked to check accuracy.
It i1s also beneficial to part:c:pate in 1inter-
laboratory quality control pregrams. The'
U.S. ERA provides reference samples at
no charge tg laboratories. These samples
serve as independent checks on reagents.

" ingtruments o' techmgques; for. traning
analysts or for campara:?_Analyses vithin =
the 1aboratory. There 15 no cevtification?
or otherformal evaluative fungfion resulting *

, from theit use.

5
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XI SELECTION OF ANALYTICAL
' _PROCEDURES S

, Standard sources“' 2.3 will, fo:' most

“parameters, tontaih more than one analytical

procedure. Selection of the procedure to be
used 1n a specific instance mvolves consider-
ation of the use to be made of the data. In

some cases, dne must use specified procedures.
In others, one may be able to choose among
geveral methods.

A ‘NPDES Permits and State Certifications

A specified analytical procedure must bé
used when a waste constituent 1s meSSured

, For an application for a National ‘Poldutant,
D:scharge Ehm:j«t:on System (NPDES)

permit under Seefion 402 of the Federal
Water Pollution Control Act (FWPCA),,

as/a;nend'ed.

2 For reports required to be submitted by
dischargers under NPDES.

For certifications 18sued by States
pursuant to Section 401 of the FWP( A,
as amended.

Analytical procedures to be used in these
situafions must conform to those specified_
in Title 40, Chapter 1, Part 136, of the
Code of Federal Regulations (CFR). The
listings In the CFR usually cite two dtfferent
procedures for a particular measurement.

‘The CFR also provides a system of
applying to EPA for permission to \
use methods not cited in the CFR.
Approval of alternative methods for
nationwide use will be pdblished in

the Federal Register.

.

~

B Ambient Water Quality Monitoring

’ ,
For Ambient Water Quality Monforing,
analytical procedures have not been
specified by regulations. However, the
selection of procedures to be used should
receive attention, Use of those listedn
the CFR 15 strongly recommended. If
. any of the'data obtained 18 going to be used
In connection with NPDES perntits. or ma&
"be used as evidence 1n a legal proceeding,
use of procedures listed in the CFR 18
again strongly recommended.

v
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C D:-mkurg Water ‘jonitoring - . are very’'sensitive win detecting particular
. ’ constituents. One just canpot carry and
/ ‘1n December, 1975, National Interim set up laboratory facilities 1n the field which
Prunary Drinkimng Water Regflations ) are equivalent to stationary analytical .
) to be elfective June 24, 1977 were . * " facilities. - .

publishéd in the Federal Register in )
Title 40, Chapter 1, Subchapter D, / o .
* Part 141. The p'ubhcat:on includes ' ‘B Uses : s s .
specmcanon of analytical procedyres - - .
to be used when determxﬁ'ing comphancy Even though the results of field tests are *~
with the maxamum conffmant levels - . usually not as accurate ‘and precis¢ as those .
. of required pai'rameters. \ performed in the labo:-p.tory. such tests do

- havé a place tn water quahty rograms.
. prog
. Because of the low goncentrations in=
. volved in the regulati.Ons. there i8 often In situations yhex’e only an estinm te of the -
. fust ope anaiytical method cited for concentrations of various constituents 1s _

<! required, field tests serve well. Theyare
invaluable sources of information for
planning a full-scale sampling/ testing
i -program when dacisions must be made
regarding location of sampling sites,
schedule of sample collection, dilution of

each para meter.

we ° Individuals or organizations m#y apply
' to EPA for permisgion to use methods

not cited in the above; Approval of
alternative methods for nationwide use

will be published ip the Federal Register. . samples required for analysis, and treat-
. ment of samples required to remove inter-
/ »» ferences to analyses.
d \u FIELD KITS ’ . .
. . .C NPDES Permits and State Certification
Field kits have been devlSed to perform ° . ’ '
analyses -outside of.the laboratory.” The kit Kit methods are not approved for obtamning
» v ray contain equipment and reagents for only data required for NPDES permits or State _
o pne test or for a variety of measurements. construction certifications. If one judges .
It may be purchased or put together by an that such a method 1s Jv.rsnnablq for.these
agency to’serve its particular needs. - purposes, he must apply to-EFA for Pe!“
- - _ . misspon 1o use 1t, ) .
.Since such kits are devised for performing \E " .
‘tests with mmimum time and Mmaximum D Drinking Water Monitoring .
simplicity, the types of labware and reagents ' . >
employed usually differ significantly from the The DPD test kit for residual chlorine is .
. equipment and supplies used to perform the approved in the December. 1975 Federal
. shme meaSurement i aHaboratory. Register for monitoring drinking water o
in cases where chlorine tests are sub- °
A Shortcomings P ., stitutes for microbiological tes.ts. )
’ * * - 1]
Field conditions do not accommodate the :
equipment and services required for pre-
treatments like_distillaton and digestion. . .
. Nor is it practical to carry and use calibrated .
*  glasgsware like burets and volumetric pipets. ) ~
, Other problems are preparation, transport . .
and storage of high quality reagents, of e) . \
extra supplies required to test for and rémove .

sample interferences before xz
measurement, and Of instruménts hlch . |
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)y ¢ STATISTICS FOR CHEMISTS

. ,
INTRODUCTION " :

Statistics may be defined, for our purpose,
as a collection of methods which hav;«been
develo or handling numerical ddta
pert'.aming to samples or portions of entire
populations.

The statistical methods with which we will
concern ourselves deal with the presentation
and analysis of -numerical data from samples,

-
-
»

FREQUENCY
Defipitions /

1 ‘Frequency - indicates how many times
a particiilar store occurs in a collection
of data

.
¥ -

2

3

.

- -
.
. [

‘Frequency table - a tabular arrange~
ment of data, ranked in ascending or
descending order of magnitude,
together with the corresponding
frequencies

Frequency histogram - a set of
rectangles having bases on a horizontal

ith centers at the given‘scores
and heig‘h 5 -equal to the corresponding
frequencies (See Figure 1)

4 Frequency polygon - a line graph ¢f

frequencies plotted againét scores

. (can be obtained by connecting mid-
points of tops of rectangles in the .
frequency histpgram) (See Figure'l)

’ » .,

- . ' — . al
. . , Figure 1l ”
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v obtajned from twelve deter’minatxons for

-

Il MEASURES OF CENTRAL TENDENCY
A Definitions K o
’ 1 Central tendency the tendency of
values to"cluster about 2 particular .

value in the distribution

Mode - that valye which occurs most
frequently

Mediin - midpoint of an arrayof

gcores. I there i8 an odd number of
obgervations,” n, the median is
X_HTH_ where x%l-_ represents
EY ' .
the h 1 vilue in the frequency

2’ -
distribution. If there is an even '

*‘chloride in wa.t,er NS
. . +
o N,
. .. " Results (ug/l)
100 - 1ol 99
ERUE ~100 100
99 . 102 ) 100
98 j 10 102
v A . 4
o '
¢ Table 1 .
- ' * Frequency Table ]
Chloride (pg/l) Frequency
J  oces™ 1’ y
. 99 - . 2 - :
i 190 T 4 )/ "
101 : 3 '
Coo102 s 2

: — A A - — ]
. 4 - ’ ‘. ! *
v - ; . . h J *
A Sat - .
‘B Application -, - ' N number o}fiobservations the med:an 18
. . + .
LY + oy B‘ > _l} + l L]
Consgider the applxcation of 'tl;e above 2 2
_definjtions to the following set of data, z N » the average of the

middle two scores.

4 Mean - arithmetic average of all the -
values in_the sample distribution, de-
noted by X. The formula for calcula-

. ting the sample mean 1is

§=X1+X9‘+Xq...xn. ’
;e

n

L A
X = =1

==\
X = 2—::1 where there are n number
‘of values. .
B A1ds in calculatzon of the mean -

Application of the following 4wo statemehts . '

can reduce errors and amount of time
gpent in calculating the mean of &
distribution. -

1 Adding or subtracting a constant to or
. from each score 1n a distribution 13
equwalent to adding or subtracting the
' game constant to or from the' méan of
the distribution. Thus.the following
. formula.

3'< =x+c

values in the distrzbution with mean X, .
and the X, £ C's are the values in the
4 dxstributxon \Bt.h mean Xc

-

where the X; i's are the

2 Multiplymg or diyiding each score in
a d\stribution by a.constant 13 equivalent . .
' ltiplying or dividing the mean of .
“ t.he distribution by the samé constant.
Thus the following formulas.

(1) Xc = CX
or . :
-y 3
(2) )_{ }-é- where the Xi's~are the
values In the distribution with mean X
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! and the CX,'s or the EL 's are the* Denote thg niean of the distribution 1n

‘ ", Table 183X ., 1f we add 100 to cach
Yyalues,in the d:strl.b-unon,w:th mean .score in‘the distribution in Table 2, we

XC obtain the scores inthe distribution n
5 . , § Table_ }; likewise if we add 100 to the
C Application mean,.X, of the distribution in Table 2,
T > we obtain the mean, X, of the distri-
Consider the application of the above but}?n in Table 1, ~
, definitions to the previously mentioned - '
set of data, obtained from twelve deter- ThusX_ =X + 100 .
minations for chloride in water, shown o ¢
in Table 1, . % = EX 100
/ ¢ n
) < 1" Mode = 100 ’ * . ’
. X, *+ X, % - Me2)F2-D A0+ M+ 2AZ) 00
5 5 +1 c . 12 t
2 “Median = 2 -Xe*X71- - : -
.. 2 “ 2, _
100 + 100 _ ' . Xc = .25 +'100 = 100,25
2 —— =100
2 .
" . E . ’ y
.3 Mean'=Z5 IV MEASURES OF DISPERSION .
. - 98 +2(99) +4 (100) 4+ 3 (201) +2 (102) A- Definitions /
- » 12 Ve )
N . + 1 Dispersion - spread or varability of 3
= 100, 25 i
' . ' observations in a d:stnbut:qn ' -
4 Aid in Calculation r » 2 Range » the difference between the / :
[ ) Consulting Table 1 and observing that highest value and the lowest value
the values are in the neighborhood of .. « ) : .
100 we might subtract 100 from each R = max - min . ) -
gcore and obtain the following distribution: R
' . ) 3 Average deviation - the sum of the
. - . deviations of the values from their .
Y . . * mean, without regard to sign, divided)
¢ Table 2 . by the total number of data values (n)
' Frequency Table ‘
/. Qe ~ " “The formula {'or ca.lculati.ng the average
Chlpride (ug/l) Frequency . deviatlon is: .
; -2 1 t % - :
v .t de= _r'l_xi__x.' ..
. . -1 » . 2 ' o n s \
" ¢ ' 0- T4 . ' s
S T .3 ' ¥ . "
2
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4 Average deviation of the mean (D) -

the average deviation of individual X
. data jtems from the mean (d) divided
by the square root of the number of
data items (r[x)
The definition of the average deviation
of the mean can be expressed by the
formula: ‘
d.

D=J—n

5. Variance  the sum of the squares of
. the deviatlons of the values from their
mean divided by the total number of

data values (n) minus 1 . -t

The definition of the variance can be
expressed by the following formula:

>
¢ 2
g° =

E(Xi-i)z )
n -1
1

6 Standard deviation - the square root
of the variance

The definition ofythe standard deviation
can be expressed by the following
formula: 7

M

Howeyer, the formula commonly uged
» because of {ts adaptability to the hand

calculator‘is the following: ° !
. ’ [} i )
£x? - (ZJ::.! .
g4 1 where there are

n number of values,

>

.

7 StandaTd deviation of the mean (S) - the
standard deviation of individual data
items (8) divided by the square¢ root of
the number of data {temg (n)

The definition of the standard
deviation of the mean can be
fexpresgsed by the formula:

+ 8 Relative standard deviation - the
standard dewviation (s) expressed as
a fraction of the mear, s

s X

\
" The relative standard deviation is
often expressedas a percent, It is
then referred to as the coéfficient
of variation (V), or % relative standard

* deviation:

The relative standard deviation 1§

particularly helpful when comparing

the ﬁrecision of a number of deter-
inations on & given substance at .
ferent levels of concentration.

—a

B Aids in Calculation .

Application of the following stztements
can reduce errors and amount of time
spent in calculating the variance or
%dard deviation of a distribution.
I Adding or subtractinga constant to or
from each score in a digtribution
" doesn't affect the variance or standard
Jdeviation of the distribution, = °*

Thus the following formuilas:
2 s2 ~, ’

. (1) 8, =

2 s

c

= 85 - L)
[ d
. where the X,'s are the'values,kb
.the distribution with variance s
and standard deviation s, and the
+X{+ C'gare the values in the
dilstribut on with variance s
' . and standard deviation s,. = .

] " 5 "
a

+
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2 Multiplying or dividing each score in
‘a distribution by
to multiplying or Adividing the variance
of that distributioh by the square of the
same constant, /

Thus the following formulas;
f

(1) 2'. C282 -
2
2. 8
',(2) SC B C2
‘.

where the X;'s are the values in
the distribuLgm with variante 5 “,

and the CX,'s or the

the values in the dxstrgbunon with
variance 8.

Xi1g hre

3 . Multiplying or dividing each score in &
distribution by a constant is equivalent
to multiplying or diViding the standard -
deviation of that distribution by the

» same constant,

“Thus the following formulas:

.
\ i
\

(1) 8 =Cs
or ¢ s
@ s.rT -
¥
; where the X{'s are the values in
the distribution with standard .

deviation s, and the Cxi's or the
_}_{i_ 's are the values in the
C

distribution with standard
deviation 8,

C Application .

Consider the application of the above
definitions to the previously mentioned
set of data, obtained from twelve

" determiniktions for chloride in water,
shown in 1. B;. Table 1.

1 Range = 102 -98 = 4

7constant is equivalent’

2

=

[ ]

= NS

L= - B

3
2

N W ok o =

14

Average déviatione d =—

i

n
-

X[ lxl‘ )_(l

}:l)_(,-'- X|

i X X

2.25
2.50
1, 00
2.25

98 2. 25
99 1,25
100 ~.25
101 .15
102 LTS
X = 160,29

-

11, 50

g SlX-Xi 150 oo

n = Tz

{A'\rerage deviation of the ?ean -

‘d
D= —

-

&

Using calculations from number 2,

2
Variance - 82 ?i:f—_’;l—)i)—

X Xi-X (xi- X% n(xi

- X)2

98 -2.25
- 99 -1.25
100 - - .25
101 + .15
7 102 +1.75

5,08
1. 56 3.
.06

1

.56 1.
3,06 6.

5.06

12

. 24

68
12

16,

o2 = z(xx %2 16,22
n-1 Toon

i

= 1,47

22

r
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, 17 43
] \ e 112 - 161.125 o 1.48
5 *Standard deviation - s = ‘
X Xy . X2 nX2; v ..
h o1 i) W LI} 21981 C
1 98 98 9604 9604 .. _Exi? i (Bxi)z e e i
2 99 198 9801- - 19602 - /s °° ‘
4 1007 ‘200~ 10009 40000 -1
;3 100 303 10201 30603 _
b .
2 102 204 10404 20808 7 Standard deviatiorn of the mean -
1203 120617 g 8
. . N .
E /120612 - 120601 Using calculations from number 6,
8 8 11 ‘
- S = s . 1.22l= ;.::;z 0. 35
s"}%"'l.zl - o I
. 8 Relative standard deviation expressed
6 Aid in calculation as a percent (coefficient of variation)
' my . S8
Recalling that adding'or subtracting a V== X100
» _  constant to each score in the distri- X
bution doesn't affect the variance or ° ' -
the gtandard deviatidn of the distribu- ‘
tion we can simplify the computations Using calculations from number 6 for
by first subtracting 100 from each 5 * 1,22 and from number 2 for
‘score in the distribution, thus obtain- "X =100, 25,
ing the frequency distribution shown
in Tdble 2, ‘s 1,22
. , - , v -):{-— 1053 X 109 = %,21%
n Xi-C n(X4-C) (X;-CP  n(x4-C)? .
S -2 -2 4 3 Figure 2
2 V-1 Y 1 2 Normal Distribution Curve
4 0 0 0 0
3 1 3 1 3
2 2 4 4 8 &
R o §
3 . 17
o od 3 : &
2 2 &
zx, - E¥y ,
2 i n -
ac¢ =
n-1 \\
A Quantity Measured
\ . 14
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V INTRODUCTION TO NORMAL . As shown in Figure 3, the frequency polygon
DISTRIBUTION CURVE . for the 12 determinations for chloride in
. ' water is a fairly good approximation of ghe |
A Statistics deals with theoretical curves . normal curve. If, however, in the chloride N ;
which are smoother than frequency determinations we had obtained 103 instead ° |
polygens, obtauted frorh experiments in of nglnd 104 in d of 99 this distribution i i
real life., However, frequency distribu- would ot_ha been a good approximation of :
tions or frequency polygons of experimenial the normal curve, as is shown in Figure 4. |
data often approximate a mathematical . ) |
function called the "normal" distribution ) : . )
curve. (See Figure 2) Figure 3
_ Comparison of Normal Curve and Frequency Polxgon e w3
4 . - . ’ o 1a
7 ' // \\ " s
~
34 4 . / \ .
v, ? // b ~
g N
. [-4] .
5 2. A NN
o 7/ .
4 7 \
by / \
l - / . *
» // f .
» \,
y .
g } | ¥ ¥ T ¥ 1
97 - 98 99 100 101 102 - .
. .l J. ‘
- ., Chloride pg/l
L] I F'
igure 4 /_
T Comparison of Normal Curve and Frequegey Polygon . i, .
3
£
LY
2
4
GJ
2 h »
. fx,
, - ; | p— Y ¥y | ) L
4 99 100 101 102 103 104/
!/ N . Chloride pg/l -~
’ . 3-7
i o 25 2 :
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B If a frequency“distribution is a gf)o'd

approximation of the normal curve, we in terms of the
can uge some facts about the normal

Figure 5 shows the normal distribution

LY

vlation mean 4, and

the standard deviation of the population

curve to give ug information about the ) . % az}d gives the perdent of area undery .
frequency distribution., . the curve between certain points, | L. .
. 2 .
Figure 5 ] PR 1

Normal Distribution Curve

Figure 6 o

~

€

Frequency Distribution Polygon

Frequency
[\~
A

+
-
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- We Tay check the dlstnbutmn of sample ¢

, data td see il 1t 15 a "normal” distribution
in the following manner. Substitute the
value of the_sample mean &) for the vhlue -, '
" of thie midline andrsubstitute the valug of
the sample standard deviation (s) for the sm
limits of the walue spins whef® we mught
expect certain percentages of the data’
* . items to odcur. Then we can checli the
. number of dafa itemns which actually do
oscur within these value spans.»
Figure 6 emgnstrates this application
using the chloride ddta values ftom Table™1.r *
The data values are marked on the hori-
zontal line and the frequency of the
occurrence-of each value is marked dn the
. vertical. The midline’ of the distribution
{s marked at }he value of the samplé mean
(X = 100, See oI C,3). The value of the
samplé standard deviation (s = 1.21, Sece
IV C 5) is used to mark value areas under
the curveewhere different percentages of
data values will probably occur. Thus,
for the area X +18, X - 15,= 98,79 and
X +1 5 =101,21. Therefore, according
to the normal distribution cuxye shown in
Figure 5, we might expect about 68% of the
data items to have values between 99 and 7
101. (The values are ded to whole
ues are thus

recorded). .
o"\ - -

Consulting Table 1, we find that 75% or 9

of the 12 data items have.values in this

range. THs percentage is shown in

Figure § by the frequency polygon for the

data shown earliér in Figure 3, *

Likew{se assuming a normal distribution,

R ) we_would expect 05% of the obserfations
1 tolie within +25 's from the tion
e’ mean. Infact, 100%f the obgervations

were within + 2 8's from the sample méan. > .

In both cases the observed per egtagesfa‘l'e :
rqagonably close to the expected percentiges.

Cther testg exigtfor determining whether
. or not a frez:ﬁ;t:_yk disfribution} Ight
reasonably be assumed to appro

‘mghe normal disteibutiong, . '

Al . '. .
'“\_ P .
.

[eS

)
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' X ACCURACY-PRECISION- ERROR .
. ' ' ol r
r A

* . I INTRODUCTION - . A Accurac '
N . . y‘ -\ 7’

- + Ananalytical method is subject to errors. For results to be accurate, the analysis
These errors may affect the accuracy of the used must give values close to the irue
method because they introduce bias into the value.(See Figure 1) v

» presults. There are other types of errors "_
which affect the precision of the method B Precision o
because they produce random fluctuations™h .
the data. The most desirable situation for Precision is the degree of agreement
the analyst is shown in the diagram in among results obtained by repeated
Figure 1 wherg the results are both precise measurements on a single sample under
and accurate ’ a given set of conditions. It is a measure
i * .of the dégree to which results “check. "
. . (See Figure 1)
*
‘
C Note ' " .
.o It is possible to have precision without N
accuracy. (See Figure 1)
IMPRECISE AND INACCURATE . . .
II DETERMINATE ERROR AND ACCURACY
A determinate error is one which con-
» tributes a constant error or.bias to results,

causing them to be inaccurate. This

constant error makes it poss¥le for results

.to agree with each other (be precise}) and
PRECISE BUT INACCURATE - still be inaccurate.(See Figure 1)

Determinate errors have "assiggable"
causes which can usually be i¢entified and
. either eliminated or controlled. (The terms
"determinate" error, "assjgnable" error,
and "systematic" error are synonymous}. .
b

o A Sources of Determi.n.a-te Error
ACCURATE BUT IMPRECISE \

1 Method error T

L]

L. . # 'Method errors are those that are T g
+  inherent in the procedure. ,These are
" very serious and the hardest to detect
Coe oy ' and correct. The most common
method error is the presence of inter-

. . . ferences ln the sample. Other"
. PRECISE AND ACCURA o examples ‘would be precipitation of

. substances other than the desired
Figure 1, PRECISION AND ACCURAFY .material, partial solu.bmty of pre- -
- cipitates, and entrainment as ina * .
. * « solvent extraction procedure. :

—

- 28 B

EKC CH./MET, con, 1d. 11.80 \ .4..1 X

&
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. < personal bias.

B Effe?ts of Determinate Error

)

LY
2 Personal errors

Personal errors are attribuflble to  ©
. individual fistakes which are con-
sistently made by an analyst. These .
errors are the result of consistent
carelessness, lack of knowledge or
Examples are errors
in caleulations, use of contaminated,
reagents, non-representative sampling,

or poor calibration of standards and e
instruments. : -
+ 3 Instrumental errors .

Instrumental errors dre those which
are caused by an analytical instrument
or by the effects of the environment
acting on.the instrument. Moisture ina

" G.C. column, improper waveléngth

, markings on a spectrophotometer or
incorrect scoring on a buret would be
examples. s

1 Additive
]
An additive determinate error {s one
which has a constant value regardless of
the amount of analyt{cally sought con-
stituent present in the sample.
(See Figure?)

+

2 Proportional

-

A proportional dgﬁ'smlnate error
changes value according to the amount
of analytically sought constituent in the
sample. (See.Figure 3)

DETECTION OF DETERMINATE ERROR

* A "Spikedamples

1 Samples which can be determined before
and after thgaddition of a known con-
stituent { in the concentration range of

- interest) provide a way to detect
determinate errors, Spiked samples
should be representative and resemble
actual condftions as closely a ssible.
The quantitation of bias can then be *
obtained witlr the following measures.

4

a Mean error - the difference between
the mean, of the data and the true ¢
result. Lo

b Relative error - the mean error of
a set of data expressed as a per~-
centage of the true result.

L]

EXAMPLE: An ahalyst determines

. the nitrate content of the effluent .
from his sewage treatment plant to be
0.50 mg/ 1. He then adds 1.mg/1 of
standard nitrate solution to the
sample. Table 1 shows the replicate
results obtained on the spiked
sample, and calculation of both
mean and relative errors.

%
L

Ll

: Table 1 ‘
v Sample: Effluent* "
Determination: Nitrate {(Modified Bruc‘}ne)
X1 ~ .
-~ .35, 1.56
1.47 - 1.59 iy
L)
1.49 < 1.60
. 1.8 ¢ )
1 Calcu.laugn of ‘mean error r
X 761 = 1.51 mg/l

MeanError, = /.51-1.50
=/+0.01 mgl1
2 Calculation offrelative errer

+0.01 X100

. % Relative Error = == ®40.7 -

)
- ]

2 "Confrol charts .

Trends and shifts on control cha¥ts
may also indicate determinanterror.
Using spiked samples, the stanNgrd
deviation 18 calculated and contr

limits (usually + 3 standard devilitions)
for the analysis are set (see Figure 4,
For further discussionof control limits,
see reference 3, p. 62.

29 R I
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3 In some casges, it is impossible to
spike a sample go that it resembles
actual conditions (erg., BOD and
pesticide samples). Youden (11)

- provides excellent techniques for
detecting blas in this situation.

B Unknown Samples T
1 Indepe;\dent methc;z -

.Analysis of a sample for a desired
constituent by two or more methods
that are entirely different in principle
(gravimetric and $olumetric) may aid
in the estimation of determinate error.
However, another rellable method may
not be available or may be laborious to
perform,

2 Control charts ‘

It is possible to plot a control chart
{Figure 4) even whed it i8 not possible
'  to spike a sample. One canuse as a
reference value an averhge of a gerles
of replicate determinationg performed
on a composite check sample. Such a
sample must be preserved or stabilized
. in such a way'that the concentration
of the constituent being méasured will
not’change from day to day (Bee
reference 1), .

3 Aliquoting

If the dqter.mlnate error {s additive,
the magnitude, may be estimated by

. plotting the measured quantity versus
a range of pample volumes or sample
welights. If the grror has'a constant
value regardleas of the amount of
analyﬂcally sought consti{tuent, then
a straight Une fitted to the points will
not go thropgh the orfgin,

C Youden's braphical Technique (10, 11,.12)

Dr. W.J. Youd & devised an
approach to te determinant errors
with a minimum of effort on the part

. of the analyst and his laboratory,

*  Samples used may be of knowh (spiked)
or unknown composition.

*
-

*

"(See Figure 5)
’

~

-

31

Technique

Two different test samples (X and Y)
are prepared and distributed for
analysis to as many indivi

that the samples be relatively
*similar in concentration of the
constituent being measured).

Table 2 show8 the results on-two °
such samples analyzed for percent ~
potassium by 14 different laboratories,
The mean for each sample has been .
calculated.

' Interpretation - Figure 6

The vertical line drawn on the
graph represents-the mean (X)

of all the results obtained on
Sample X, the horizontal line was
drawn through the mean (Y) 6f all
the results obtained on sample Y,
Each pair af laboratosy_results
can then be plotted as%u@t on
the graph {marked ¥X.1 ®tc.}

If the ratio of the bias lerror) to
standard deviation is close to zero
for the determinations submitted
by the participants, then pne would
expect the distribution of the paired

* values {or points) to be close to

equal among the four quadrants.

The fact that the majority of the
pointa fall in the (+, +) and (-, -)
quadrants indicates that the restlts
have been influenced by some Bource
of bias or determinate error. '

Furthermore, one can even learn
something abo\t a participant's
precision from the graph. If all
participants had perfect preclslon
(no Indeterminate error), then all
the paired point8 would fall on a
450 lne passing through the origin.
Consequently the distance from such
& 459 lne of each participant's
point provides an indication of that
participant's precislon.
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3. I-:xamples of Youden two-sainple
charts are in the Appendix (p4 -13).

-

1% )

\l 1Y

tﬁ . . . Table 2
4. A quantf¥itive treatment of this " Laborat T
subje’é.'t canbe found in references ratory Sample X Sample ¥
11 and 12, . 1 "9.74% , 8, 50%
2 9,92 8. 28 -
‘ 3 9.98 8.84 °
\ 4 9.99 8,24
=20 . . ., 5 10,00 8,73
~ v
£ ok 5 0.1 8,54
> 1 10,12 8.64
[] P .
= 8 10,14 8,82
< 9 10,19 - 9,04/
. o 10 10,23 8.93 .
n . b
. ow 11 10,25 .97
> 12 10,29 8.80 . —
< . ‘ 13 10,55 9,21
Tl 14 10,62 8.95
1 2 3 4
AMPLE VOLUME (ml - o
g tmi) ) X=10,15 T¥=875
Figure 5 . - .
» &
9.40 -
9.20 - X :
' a1
9.00 |— : i _ X
’ b4 . ] x X
3 '\ X 4
1 — x ﬁlo L ]
> Y X
0.0 ™ i S x
a b ’ 12—=
f . o+ 5
8.60 |2 L I .| &
- X v
! X 64.| -
’ 4 ‘l J *
8.40 - . : -
I
X
8.20 = — 2 f X — 4
SAMPLE X (%K) -
s.0o0l —L 1 -
9.00. 920 940 960 980 10 od 10.20 10,40 10.60 10.80 1.00
't ", Flgure§. YOUDEN'S GRAPHICAL TECHNIQUE
,‘/ . . 32 4-5
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IV ELIMINATION OF DETERMINATE
ERROR

»

Varfous approaches can be.used to eliminate
the source of determinate error. - The
approach ysed depends upon whether the
.sourcer {8 personal, method, or instrumgntal,

. A PgrsonaI. -, \,_

+ * Great care must be uged to avoid produéing

It

@t {o feel he is

, B.Method and Instrumental .

\1 Blanks * \

Blanks mnube used to correct for
interferences from reagents, sample °
.color, etc. .

- - »
.

2 Correction factors

»

an unconfident attitude in a teet™cian.
is undesirable for the
being "policed, "

’

\

Examples of correction factors|used
. in epvironmental analyseg to el tes
determinaté errors are the following.

Rebovery factors in organic

a
. extractions .
b Chemical yield vlilues in gravimefric
analyses . ‘
. . ¢ ’ Counting efficiencieg for radiation
“*counters ,
’ 3 Standard addition . A

Sa.mple mterferepces producing deter-
minate errors can be overcome by
adding equkl amounts of unlmown
sample to & series of standards, "The
concentration of the unknown can then °
. be determined graphically from a plot

of the measured quantity {absorption,
_ emission, etc.} versus the standdrd
. concentration. (See Figure 7)

‘.

Pt

’ o

~Figure T MFTHOD ©@FSTANDARD
ADDITION GRAPHICAL METHOD OF
COMPUTING Sr coxcsmmpm.\ .

v & 90 ¥,
>
«.z ]
.t 70
z v .
Z A
gso ‘ L]
gn
’ £ 30
. ’
\,/)
b
BAENENAE
X —»0 % Q Q o
. ® x“ %b xs
S N
~ . .

settCONC (mg /)

WT}_ The X value ppeannz alory the M
abscissa (1,e, X V20, X + 40, etg,) re-
fens to the unknown addeq to the strontium .
standard

[

4 ‘Standard compensation

Another approach is to prepare the .
standard 8o that {ts composition .
resgmbles that of the sample as
closely as possible. The'objective ™
of the approach {s exactly the same °*
a8 that of standard addition - to

. compensate for the pregence’of *
interfering substances in the unknown.

Y

v DIDETERNHNATE
PRECISION

RROR AND

Even when all determinate errors are

,eliminated, every replicate analysis will

not give th# game value, Such variation
in results {s due to-indeterminate error,
also known &8 random, chance or
uncontroilable error. Indeterminate

.error affects the precision or agreement

among results.
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A Sources of Indeterminate Error

. \ .
7 Indeterminate errors are due to
unassignable or "chance causes.
Examples are lnadvertent contamination
of sariple or glassware, variation in
reagent additions, or variations in

' instrument response (see Figure 8).
strume ponse ( gur

Effects of Indeterminate Error .
\,ﬂ- N -

Sincé the causes of these errors are
random, the effects are 4lso random,
Fortunately, the e random variations .
conform to the "Laws of Chince" s0
statistical measures of precision can be
usged to quantitate mdeterminate errors,

S

DETECTION OF INDETERMINATE
ERROR

VI

L

A measure of the degree of agreement ‘among
results can be obtained by analyzing a single
sample repeatedly under & given set of

, conditions.

s A Range

The range of the replicate results
(differéhce between the lowest and’the
highest value) provides a measyre of
indeterminate variations,

Stz;.ndard Deviation

An estimation of indeterminate‘error can
be obtained through a calculationof the
standard deviation. The following formulas
should be appled to'random data which
follows a ndrmal distribution, Normality
can be checked by ranking and plotting the
data on normal probability paper; it should
fall ona straight line (see Figure 9). Any

values which do not fall close to the straight

" .line {those values encircled) should be

‘rejected in the\calculatlon of standard
deviation, Other statistical tests (8)
can be used to objectively evaluate the
rejection of outllers. The value obtained
for standard deviation for a particular,
méethod may vary with the analyst, the
concentration range.of the constituent,
and the composition of the sample
amalyzed. The confidence of.the
estimate {s increased as the number of
results (n) used to.compute the standard
deviation is {ncreased.

4

1

1 Replicate results on the game sample;

value of single result~

I

average (mean) of results on
same sample

number of '_res}ﬂts

Example: Table 3 contains a set of 5-day
~ T BOD results obtained on a gynthetic
sample containing 150 mg/1 of glucose
‘and 150 mg/1'glutamic acid. (Note: A 1%
dilution was used in the actual test). The
results are those submitted by laboratorjes
participating in a colaborative study.
Calculate the s‘tandard deviation of these

-

.

results,
X = 192 mg/1
n = 36.0 .
]
Lty -%)° = 58,200 ~
* -
s = /58200 ;
35
-
8 = 41mgfl
" L]
j H
. R 47~

.
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T Table, 3 : J; . T
L] * % -
. SAMPLE 150 mg/l glucose + 130mg /1 glutamic acad (1% dilutton) . ( .
: DETERMINATION 5-day Biocchemical Oxygen Demand .
{
’ “x X -% X -%? X X-% X -0 '
J H i ] N 1 i .
100 mgl1  -92mgft 8464 (mg/1® 198 mglr - 6mgll 36 (mg/D?>
. S 17 . =15 5625 199 7 49
. 125 -67 4489 200 8 64
132 -60 « 3600 200 8 54
142 -50 2500, 204 12 144 . {
1417 -45 2025 210 18 / 326 .
' ] 153 -3 1521 21 18 l 361 .
. 160 -32 1024 212 20 400 '
. ls!’ -27 729 215 23 529 .
165 27 729 223 3 981
167 -25 625 224 32 1024
173 -19 361 221 s 1225
178 14 196 229 31 1369
. v 189 -3 9 238 46 2116 }
. 130 . «2¢ 4 247 55 3025 ' -~
AN ~— < ~ —
196 ° 4 . 250 58 KT
196 4 16 259 67" 4489
q . 197 5 25 274 82 <7} .
*Data taken from Watef, Oxygen Demand Report (July, 1960), Analytical Reference ,
Sen‘r‘:co, Trawming Program, R.A Taft Sanitary Engincerning Center, Cincinnat: Otao . |
- R [}
- ' Tabled* *. CONCENTRATION.
SAMPLZ Aqueous RANGE 30 - 70 mg/l
DLTERMINATION Phosphate (Lucerna, Cerde, and Prat Method) |
2 P Y A |
Sar{éle Mg/t P d. d Sample Mgh P d d -
_ * ’ I
., » .
‘S\ 51 2 ] L 54 2 4
53 o 56 .
' B 39 0 0 M 38 1 1
38 31
c 53 1 ! N , Sz 0 0
. 54 . 52
' . D 47 0 0 (o] 58 0 Q
47 58 .
E 50 1 1 P 34 [/ 0 . "
N I' ) ; 51 / . 54
. F 48 1 1 Q 54 0 0 ’
47 , 54
! & 50 0 0 R 48 0 o .
50 " 48 - .
H 47 o, 0 s 52 1 1
. . W " ’ 51 )
. 1 42 0 0 T [ 0 0
J 50 1 1 U , 46 1 1
- 81 47 l
X 59 1 1 v 42 0 . 0 & »
€0 . 42 ) ,
*Data obtsined {rom Frank Schickner, Proctor and Gamble Company. N :
. N "
Q .- . ~ 38 9
: / f ] ) .
¢ .
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Accuracy-Precision-Error

* 2 Duplicate results on different samples

In a laboratory where duplic¢ates are
) routinely run, it would be simple to

use the following formula for evaluation

of standard deviation.

s' - fz’.‘(dz) {See reference 5,
2k  page 654) (2)

d = difference between duplicates
~ k= number of samples

Example: Table 4 contains a set of
phosphate results obtained on aqueous-
samples in the range 100-200 mg/1,
Calculate the sfandard deviation of these

results.
£dd) = 16 ! ’
k = 22
= f16
] 8 ./44
; 8 = .61 mgl/l

3 Duplicate and triphicate results on
different samples

2(}!:1 - f)z (See reference 7,
. 8> — / page 13) (3).
= average of results on the
. same sample

n = total.number of resulis
k = number of different samples
Example: Table 5 contains a set of %

nitrogen results obtained on unknown
organic compounds.

* Calculate the ﬂtandar{devlation.

Z(x, -%)° - L2401
n-k = 22
~ [ 2401
. 8 ’\J 22
T s ‘s 1104%

4-10

E(Xl -X)

4 "Use of range (o estimate standard
deviation

For a small number of replicates
(n'< 10), the range can be uged to
estimate the standard deviation (See
Table,8),

. L
Example: Table7 contains a sét of
replicate nmitrate results. Calculate

the standard deviation of these results.

Ca Use of formula (1)’
X = 0.72 mgll

= 5

. 0134

] '.0134
3

- ]

s = ,058 mg/l

[ =]
]

1]

b Use of formula {4)

R = ,14 mg/l

dN = 2.33,

W g a 2limgl)
2.33

8 = ,060 mg/l
C Coefficient of Variation

A1l estimation ot‘indeterminate error
can also be made by calculating the
coefficient of variation (V), also .
known as % relative standard -
deviation: L

v=2 x 100
' X

By comparing the standard deviation
(dispersion) to the average or mean
value {(central tendency) in a set of data
and expressing this relat,ve standard
deviation as a percentage, the analyst
has a meaningful interpretation of the
degree of dispersipn present. Indeter-

37
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Accuracy-Precision-Error : — -
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Table 5%
. .
*'SAMPLE Unxnown OrZanic Corpourds *  CONCENTRATION
. DETERMDNATION, % Nitrogen {(Kjeldah)f RAMGE 100 = 207
Samole %N R %R (x -0° fsampte gy 2% -% x -B
' ¥
. A 16,48 16,47 01 T 000l J 13.93  13.15 LB 0324 . 0 T
16,43 . «01 00012 1% 56 19 L0361
B 16.5¢  16.50 0 0 K «~10.34 10.27 .07 L0049
16.49 .01 0001 10. 19 .08 . 0064
c 16,72  16.6% .07 0049 | L 17.16 17,15 01, L0001
16,57 .08 . 0064 17.13 ., 02 . 0004
b 17.52 17.38 .06 . 0036 ‘M 15.01 15,03 02 . 0004
17,60 .02 L0004 15.05 .02 0004 4
17,83 W08 L0028
» E 16,31 16,3 0 0 ' N i 12,62 .18 L0324
16330 .01 L0001 . 12.70 v L08 . 0064
12,73 11 . L0121
¥ 16,49 16,38 )08 0025 o 1437 .31 1 o0 0
, . 18,21 04 0018 14.36 . «01 L0001 W ¥
’ 16.35 ° 0 A Y
: " 11.85  11.8% 0 o '
*, G *17.8 I1.%% .01 L0001 11.85 0 o . -
17.54 01 ~ L0001 Q 14. 78 14.73 .08 0036
. H 14,66 14,81 .18 .0225 14.70 ' .03 0009
, 14,66 .18 0225 14.70 03 L0009
/ . . R 17,19 17.17 €2 L0004
. 1 19.18 18,02 ° .13 0169 17. 14 - 03 7 L0003
18,88 .13 L0169 .
*Data obtalned from Frauk Schickner, Proctor and Gamble Co-npany.'
—_— . '
v i
. , 5
Table o* /._\
» FACTORS USED TO ESTIMATE THE STANDARD T T
DEVIATION FROM RANGE L.
1 v
1 .
Sipe i dN T’-N— - SAMPLE' Chio River W1uer - -
of Sample (n}) - DETERMINATION, Nitrate (Modifted Brucine)  *
2 113 . 887
- 3 189 1891 X, xX (.'/t:*-ﬁ)= 11
7 2.08 438 . . '
s 23 L430 ‘0.8 mglIN -0.01 L0049
s 238 s 0 88 / “0.04 o018
1 . 270 310 070 -0.02 . »0004
] 28 331 - 0.76 . 0.04 . 0018
9 » 297 fiy) 0 "u +0, 07 0049
10 30 373 ‘
® . !
*Natrella, Experimental Statlatica, pp. 3-8 ‘)
/\ LA ] . o
x - Vat e . -
. -
\\ ' .
\,/ -y
o ‘ 35 o ,
ERIC SRR S -
. {
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Accuracy~Precision-Error

L] -
L]

£
minate error wouldbe tti‘e cause of undue
dispersion, | .

]

Example: Table 3

?
s = 41*mg/l
X = 192mg/l~
o 41 '
V= 15z X100
vV = 21%

) i
D An indication of an individual's analytical

iy precision can-beobtained by his partic-
ipa‘tio:{ in an interlaboratory study. In
this case, the analyst performs only
one determination on each of two samples.
Using Youden's Graphical Technique as
an indicatior of an individual's precision
wasg discussed previously in this outline
inTC,

-

REFERENCES
1 Accuracy in Clinical Chenua{ry. Dade
Reagents, Inc., Miami, Florida,

2 Allan, Douglas H. Statistical Quality
Control, Rejinhold Publishing Corp.,
New York., 1959,
¥
3 American Soclety for Testing Materials
ASTM Manual on Quality Control of
Materials. Special Technical
Publication 15-C, 1951,

4 Bauer, E.L. A Statlstical Manual for
emists, Academic Press, New York.
1960,

5 Bennett, Carl A. and Franklin, Norman L.
Statistical Analysls in Chemistry and
the Chem{cal Industry. John Wiley &
Song, Inc., New York. 1954,

6 Chase and Rabinocvitz, Principles of '
Radioisotope Methodology, Minneapolis
. _Burgess Publishing Company, ]984.

. " 4-12

ERIC

Full Tt Provided by ERIC.

ff

I

- )

-

7 Mickley, Harold S., Sherwood, Thomas K.
and Reed, Charles E, pplied
Mathematics in Chemical Engineering.
McGraw=Hill Book Company, New York.

: 1951,

8 Natrella, M.é. Experimental Statistics,
National Bureau of Standards Handbook

91, U.S. Dept. of Commegce. 1963,

9, Schickner, Frank A, Personal Com-
“munication. “The Procter & Gamble
Company, Miami Valley Laboratories,
Research & Development Department,
‘P, 0. Box 39175, Cincinnati, OH 45238,

10 Youden, W.J. The Collaborative Test.
JAQAC 46:55=62. January 1963,
11 Youden, W.J. _ The Sample, The
. Procedure, and the Laboratory.
Anal, Chem..32:23-37A, Dec. 1960,

12 Youden, W.V. &tatistical Techniques
for Collaborative Tests, Association
of Official Analytical Chemists, Box 540,
+  Benjamin Franklin Station, Washington,
pC . 1967,

S’ -

a

* This outline was prepared by Betty A,
Punghorst, former Chemist, National .
Trawmning Center, %and revised by Audrey D.
Kroner, Chemist, National Training and
Operational Technology Center,

OWPOQ, USEPA, Cincinnati, Ohio 45268.

~— -

Descriptors: Accuracy, Data Collections,
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. : ‘ oA,
. . - - Vs
4 ‘ "
Y I I — W —TTT T I' - 'l . X R
. . g [ IOELBAXL KITROCIN, mg N/LFED,
o 3 ot oo maressin oo coen aecsey | | g gl S100 mEckiex winn ststonane
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_ ! 3 METRSES
L . 1Y S .
[} ' L B ’
. . ? . " . " Rl .
ﬁ! '- L "
& } ‘.' -.-".
+ 3 -w ¢ ~ "1 _.lﬁ’ ) : *
e ) i ’
s . M ' : ’
- - ]
. v SAMPLE 3 o ~ *
N 1 1 1 . * [saurte o
2 3 $ 5 J PR b shaad P
- . 2.' 3.' ‘ol 5.‘ '.'
4 ’ . .
. .
+ ‘ )
-
, . * v . r Y . T . . ™ 100 T T T I‘[ T —— T . -
. R l - F i mm}l wg NYUTER, POAR POECISHE 1
AMEOSIA RITYOSE , mg K/UTER, LINITED ACCURALY 1114 III'IQ)T"I 1, KITRIEKT ARLLTSES, N -
AS NEGATIVE B10s. FRAN. METAOD STESY 2, xvimigmy | 14 NARYAL NETRODS }
' . AXALTSES, MAREAL METXSSS ] R .
[ . " - . \ .
. L ¥] N . - .52"3 .. 4
p ] . ] & ’ ¢ . Se s !
@ : . ™
» . &
. i I 71 4.
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[} 4 .
t: . Y
AT S S 1o T T . . N
-3 P . . T [ » . . ) Y / .
- . 18 1 I s‘;'"lé‘ 1 P 42 i 1 1 1 il‘luruls i 1 ~
. ! J& 38 . A2 R B 62 488 28 .52 18 1.8
: k . ‘ at
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& ' ++ ELE ENTS @F {& UALITY ASSURAN(;I‘B I?ROGRAM : : . ’ |
.o . - ) L. ] % : '
- I WATER QI'IALITY DATA | D Documentation System . |
& ’ * - [ v \‘
A Importance . ‘ . ! Complete and permanent records must '
>t L - .. »  be kept by all field and laboratory .
! Criterig fon decisions - ersonnel,
R %*l _/-' : L d '
~_.a Planning . 2 Any procedures undertakerr a5 quality S
. checks should also be. recorded dated Q .
. b ¥ Permit {ssuance * . and signed, .
RS Compumi’ ' 3 The rebults of any qualty checks should
é o, be recorded; dated and signed. H
! d Enfo:-cem!nt * . E . . .
' . & Any checks by oﬁts;de service personnel
. e %‘l.uation of treatment processes should be recorded dated, and signed,
f Research declsions E Quality Assurance Control Coordmatorfz)
L4 2 N . “
. 2 Effogs ofdecisions &  ° ! Overall responsibility for prograﬁm
devefopment. implementation, istrgtjon
. a” Social _
. - ) . . * 2 C(ontinuing dssessment of level of operations |
. " b Legal . ' : ke |
. . ) 3 1identification of traimng needs md provi- - |
_ ¢ Economic T . «sion to accomplish . |
. s ) . .
>, B Requirements for Reltabllity . 4 Coordinator for inter-laboratory quality
. ) . control .pgograms .
Specificity . ) .
. turaéy . * IT SAMPLE . ~
st e 'h . . o
457 . N . - .
* 3 Precision “ A Validity(3, 4 5, 6)
' . 4
. .C Elements ality Ansurancﬂ’ . ! Representative
- ” - N - a . \ [ . .. . ’
** 1 Valid sample .. 2 -Propérly collected
3 * . . :‘ : -
" %2 ‘itecégnized methodology’ . - 3 Clean, af)prop‘;-late containerg - -
' "3 Control of serviges, instruments, 4 Approved préservartlon measures
. . equipment and supplies ) -
. ® ' - § Analytical checks on containers and
_.4 Quality analytical.performance . preservatives s P
z ' ' -
5 Efficient data. handling and feporting 8 Holding'times observed




Elements of a Quality Assurance Program

L]

"B Integrity(® 7} . \

1 Written procedures for all aspects .
of sample handling .

2 Field labelg, records, seal
Appropriate transport to laboratory
4 Loggng 1in system

" @
5 Appropriate storage canditions and
holding time  °

6 System for distribution for aWysis
L 4 .
7 System for storage or discard.
. .
System for chain-of-custody documen-
‘tation .

oo

111 RECOGN.IZED METHODOLOGY b
. » A Need for Standardization
1 Within one laboratory
L2 Between cooperating laboratories ~

3" Users of common data bank

)

Speciticity with accuracy and
precision

44 Nation-yide requirements
B @iteria for Selection(®

*1

2 Validity established by sulficient
use and evaluation -

3 Equipment and skill requirements
. normally available .

L] A
[ ¢

4 Time requirement reasonable
C Sources .
1 Anniial Book of ASTM Standards(®

- -

Standard Methods for the Examination
of Water and Wastewater(d)

ERICS-2 -7

3 Methods for

ghemical Analysis of Water
and Wastes {

4 U.S. Geological Survey Techmques of
Water Resources Inventory

5 Others * . '

-

-

D Commonly-Used Types(g)

1 Various sample treatments ({ultration,
digestion, etc.)
”»

2 FElectrode-meters

3 'General analytical methods

a Volumeétric analysis

b Gravimetric procedures ’

.

¢ Combustion .

4 Photometric methods
a Atomc absorption
b Flame emission
¢ Colgrimetry

5 Gas édhromatography :

Selection on Basis of Use of Data +.

1 gomplhiance monitoring

a National Pollutant Dischérge
Elimination System and®State .
Certifications(10) v
1) Use of alternate ;;x:ocedures .

' .
2) Procedures for non—listed .
parameters - .

b Naticonal Interim Primary Drinking Watér

Hegulati'ons(“ __j.

1) Use of al‘_temate proded'\ﬁ-'es

2) Pr:ocedures for non-listed
parametet;s .




S
Elements of a Quality Assurance Program
v

- . .

2 State’monitorlng programs(m)
a Fixed étation ambient monitoring
b iIntensive survey programs .

3 Local regulations - .

4 Pre-gsurvey field investigatlons

5 Control of treatment processes B

F Using Recognized_?roce;it;res

1 Written step-by=step laboratory
manuals

E
pvl

o

2 Strict adherence to reference source

[

3 Record of modifications and why

G Field Kits
” ]

- Tox

1 'Shortc'omlnge';

Y
"

2 Uses
L]

v gONTROL QF SERVICES, IN?I'J)‘RUME?ITS. )
QUIPMENT AND SUPPLIES
" A Services
o " Distilled water
a Ammonla-free
b Carbon dioxide=-free .
¢ Ion-free ¢ -

d Low organic background

. »
2 Compressed air

a Dry - F "
. b Ofl=free

¢. No contaminadls .

. Y
) ] / »
. r
[ - -

-

3 Electrical service .

"

a Adequate voltage

b Constant voltage
¢ Appropriate grounding

d Efficient lighting
Instruments '{ )

Applicable to laboratory and field instruments,
and, as possible, fixed continuous momtoring
devices. o

1 Written requir_e'ments for daily warmeup,
standardization, calibration, and/or
optimization procedures.

2 Standards available to perform daily check
procedures. Some examples:

a Standardized weights .
b Certlﬁéd thermometer

¢ Filter (or solution) for wavelength -
dlignment check

Standard reference materials with .
, standard absorption curves - -

-~

e Standard resistor )
' ﬁ_
f Calibration solutions (buffers, con-
ductivity or turbidity standards)
g Parameter standards to estaplish or
to dheck calibration carves #
] ot
h Radioactive standards with date
and count

Q.Y

3 Written trouble-shooting procedures

4 Schedule for required replaéqment or
cleaqlng procedures . . o

5 Schedule for check and/or adjustments .
by service pefonnel .

§
3

BRANES
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Elements of a Quality Assurance Prograﬁx

C Laboratory Equipment

\

41 Eireatvariety z
a Of ma‘;gnals (glass, plastic,
porcelain, ete.)

b Of grades .
. ¢ Of accuracy in calibration
‘d Of specific properties .

e Of unique construction

. -

2 Selection depends oh function

a  Measurement and‘:ielivery of
volumes sequire varying
degrees of accuracy.

b Storage of reagents and solutions
necessitates c0mposm<m gonsider-
ations such as

»

" 1) Polyethylené .bcrttles for solq-

- jions of boron, gijpeasand 7
alkau e »
& S ]

2) Glpss cp#lners for orgamcs

.3) B&Jam glass for fﬁhh: {ﬁve
. soamms e

as ‘E "
¢ Confindment of mactmﬂa roay

present speciatf tequi:;ements. .
such as-

) Ground gm " \

2) Teflon plugs L

. 3)’ Special re“sthnce/t}\‘ermal

shock - W

—

4) lmpervibugto t?i.gesticm
conditigns 4

’

& €
d Volumetric analyses involve:

1), Very accurately calibrated
h " wglassware

2) Consideration gf the tempe uture
a¢ which the apparatus wa
calibrated . .

- .

e Other labaratory operations like
filtration, ion exchange, absorption
* and extractions may require specialized
construction like fritted ware which nas
pressure and thermal shock limits.

[y

3 Cleaning procedures

-

a Basis of selection
1) Appropriate {or the composition
\ material V4

: 2) Appropriate for materials to be

removed

* 3) Appropriate for gubsequent use -
{Avoid introducing contaminants)
L]

‘b Definite program

1) Standardized, consistent,
. " mandatory

«

2) Analytical checks on effectiveness

D Lal‘ { ‘Supplies - Reagents, Solvents
ges ]

1 Required purity depén&s on:
.a What i measured’

‘b. Sensitivity of method

« L]

-« ¢ Specificity of detection system
2 Generaj gﬁides

1 purity is not specified in the method,
some general guides are:

a General inorganic analyses

1) gnalytical reagent (AR) grade
chemicals, except usé primary
standard grade for standardizing
solutions.

. ’

2) Distilled water and solvents free
v, of constituent »
3y Commercial‘grade gases -

“~ 1Y

44
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Elements of a Quahty Assurance Program

b Metals u_aalyueu by flame -

1) Spectroquality chemicals for
: standards -,

. ' 2) Spectroquality recommended
for other reagents and solvents,
though analytical reagent grade
may be satisfactory. i

1} Scintillation grade reagents and

r - solvents

2) High purity, extra dry gé.ses
. with low radloactive background

’ d Organic analyses
Y . *
2 /* 1) Reference grade when avallable,
AR at munimum

2) For gas chromatography (GC),
various detectors require absence
of certain classes of compoundﬁ.
and may necesgsitate treatment
of chemicals. . ’ *
Pesticide quality solvents
For GC, check assay,

. . .
Type of detector.affects gas~
quality required. Molecular-
sieve carrier-gas filters and
. drying tubes are required og

combustion gases.

L4

\3 Program for assuring quality

&
& Written purity requirements
- sccording to methods utilized
b Date all on receipt.
. ¢ Observe shelf life recommendations,

Dicard date on container, .

45"
1

d Observe appropriate 8tdrage
requirements,

e Check assay for possible
interferences.
- [ 3
f Run reagent and solvent blanks,

-

g As applicable. check background

- . . of reagents and solvents, J
f 3) Acids should be distilled in - _
o glass ' . + h Run method blanks (all reagents
v * and solvents) with every geries
4) Delonlzed distilled water e of gampleg or one for every
' \ nine samples.
5) Commercial grade or laboratory-
. supplied gases - { Definite procedures for limits
. of error, clean=up procedures
¢ Radlological analyses . or application-of correction

factors 4

j Replace gas cylinders*at
100-200 psi.

|
( 4 Procedures for removing impuritigs |
a Recrystallization
b Preclpitation *

¢ Distillation .
’
d Washing with sdlvent(s) used In
analysis

e Aging {gases)
f Others

5 Reagent and standard solutions

- "

a Preparation

1) Use of primary. standaxd grade
' chernhicals as required .

2) Careful welighing

3) Class A volumetric glassware

. 4) Appropriate quality distilled
water or solvent =~
. ‘ LY L
5) [Label Uisting compound(s),
concentration, date of pre=-
paration or discard. preparer
, »
8) Very dilute standards ptrepared
at time of use 5.5

-
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Elements of a Quality Assurance Program

-~ ' - 3\
.
'

\
b Standardization as app‘ropr'late

- §
1) Use reliable primary standdrds,

2) Reatandardize as required by
stability.

¢ Purchased solutions

1) Shoulg contain chemicals
specified by method

2) Should be checked for B
accuracy

" d Storage ‘ .

1} Clean ¢ontainers of material ~
suitable for solution to be
stored

2) Tight-{itting stoppers or

caps

3) Safeguards against evaporation

of solvent, adsorption of gafes

and water vapor, effects of
light or temperature, etc.

e Signs of dett;loration

1) Discoloré\tlon
2) Formation of precipitates

3) Significant change in
concentration

QUALITY ANALYTICAL PERFORMANCE“)

Skilled Analyst *

¢

1 Appropriate and continuing training

2 willingness to follow specified
procedures .
3 Skilled in manipulation of laboratory
equipment and techniques required
in analyges .

4 Understanding of basic principles
utilized and desigp of any instruments
k. .- 8/he uses. v

LY

5 Knowledgeable and skilled in performing
the analyses for which responsible

6 Precislon and accuracy performance
acceptable

B ﬁstablishing Analyst Precision
) , oo P -
Applicable extept for gas chromatos ———~~gx-~
graphy and radiological instrumentation.
N »

1 Seven replicates of fqur samples

covering the concentration range

of applicability for analysis |

H

2 Test among \*outine samples over
two hours or more in normal operating
conditions. \ M

L} . f

3 Calculate the Btandard deviation for/
each set.

4 Compare re¢sult to precision statement
for method in the 'source of the procedure.
(It may be stated as % r'ela.twe standard
deviation. If so, calmflate analyst results
'in this formw —_—

5/ Individual's prec"’slon hosld be betterl
than round\-robln preci reBultB.

C Estabhshtﬁg Analyst Accuracy

»Exceptions: gas chromatography and :
radiological instrumentation

1 Spike set of 7 precision replicates of ' .
concentration low in applicability range
to bring final to-twice orignal.

2 Spike set of 7 precision replicates of
mid-range concentration to bring final
to about 75% of upper limit of applica’-
bility.

o

3 Test among routine samples fver two
hours or more in normal operating
<onditions.

4 Calculate % recovery‘for each set using
average of results from the precision
check and the recorded spike amountd:

5 Compare result to accuracy statem.ent
for method in theé source of the procedure.
(I may be stated ag % blas, i.e.,

% recovery=100%).

M +
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Elemen;.s of a Quality Assurance Program

8 Individual's accuracy should be
.o better than round-robin¥accuracy

3 results.

D Daily Performance Evaluation

1 At least two standards (high and low) *
analyzéd with a blank to verify an
established standard curve (comparable
operating conditions).

., 2 Some methods require daily preparation
. of a standard cirve.

3 One of about every 10 samples should
be a duplicate to check precision
according to acceptable standard
deviation {or % relative std, deviation).

4 One of about :every 10 samples should
be a spiked sample to check accuracy
according to acceptable % recovery
‘Or % bias)o - .

E Documentation of Daily Performance
1 After 20 sets of duplicate data results
or of spiked sample results have been
collected, control charts for precision
and accuracy, respectively,” can be
constructed, P

2 A variety of construction methods is
avaitable,

] T

3 Plot succeeding results on the
appropriate ¢hart.

4 Charts document reliability of data.

Y e .

5 Charts give signal of out-of-control
| numberg, trends tow3xd out-of-control °
conditions, improve rformance,
etc,

F Interlaboratory Checks on Performance‘z)

1 Quality Coatrol samples for many
constituents are available from EPA
at no chhrge through EPA Regional
Quality Assurance Coordinatora,
The concentration is provided with
the sampje, These might be run
every three to six months.

—

L. .
i

2 Run split samples and compare

results with the other laboratory,

®
Run performance samples (unknowns)

available from EPA at no charge.

Participate in round-robin methdd and

.performance evgluation studies,

Participate in laboratory evaluation
programs. ’

VI DATA HANDLING AND REPORTING(1)

A laboratory must have a program for
systematic and uniform recording of
data, and for processing and reporting
it in proper form for interpretation and
use,

A The Analytical Value

1

*

Correct calculation fdrmulas reduced
to simplest factors for quick, correct
calculations.

Provisions for croas-checking calculatipns

Rounding-off rules uniformly applied

Significant figures established for
edch ana)ysis

L) r

B Processing

1

Determine control chart approach and
statistical calculations required for
quality assurance and report purposes.

2 Develop report forms to provide

complete data documentation and
permanent records, and also to
facilitate data processing.

a 'To avoild copying errors, the
number of forms should be minimal.

LY
t

C Reporting -

The program for data handling should provide
data in the form/funits required for reporting.




]
-* -

Elements of a Quality Agsurance Program

. ’

. D Storage )

1 For some types of data, laboratory
records must be -kept rea®¥y available
to regulatory agencies for a peridd of
tlme- ’ »

2 A bound notebook or preprinted data
forms permanently bound provide.good
documentation.

3 STORET is a system for storage and
retridval of water quality data, It is
a State/EFederal cooperative activity
’ which provides States with direct access
into the central computer system. .,
. * "
4 Many agencies pave atcess tolocal
. systems for storage and retriéval
of data.

-

| VIl SAFETY CONSIDERATIONS(F)

A Labor;.tory Facilities
B Emergency Equipment
C Program for Health Checks as Required
D Program for Inventory and Control b{
Toxic and Hazardous Materialstand
Test Wastes
E Safety Officer-Responsibilities
1 Information
2 Planning s — .
3 Inspection
4 Implementation

5 Evaluation | :

-

6 Reports - )

VII EPA Reglonal QA Coordinators

A Each of the ten EPA Reglons has a
Quality Assurance Coorgdinator.

1 Implements program in regional
laboratory ) .

2 Maintains relations and serves as
gource of information {or state and
interstate agencies within the region

3 Serves as liason for EPA's Environmental
Monitoring and Support Laboratory (EMSL).

B The name., 3ddress and telephone number
of the reglonzal @A Coordinator can be
obtained from the EPA Regional Admainis-
trator's Offide or from EPA-EMSL,
Cincinnati, Ohlo 45268.

IX SUMMARY : ’

Quality Assurance regarding water quality
(or afy type of) laboratory data requires
planning, control and checking for every
phase of the operation from sample Collec~
tion through storage of the data. This out-
line tains a basic checklist of information
and itemq_to be considered whern developing
a program to facilitate quality analy'tic'al
- performance by laboratory’ personnel.

. To make the program effective, procedures
must.be written, responsibilities must be
clearly defined and assigned, and individuals
must be accountable. Development and daily
performance of such a program which meets
the needs of an individual labgratory (or =
agency) will take time. Cohsideringthe

. - importance of the data produced, the invest-
ment in assuring its reliability 18 a sound

one.
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“This outline was prepared by Audrey Kroner,
Chemist,- National Training and Operational
Technology Center, OWPO, USEPA,
Cincinnati, Ohio 45268. ’
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I INTRODUCTION

A A’ standard solutign 1s one whese com-
position and conctntration are known
to a high degree of accuracy. In chem-
ical analyses, it 18 used to determine
. the concentratiorf of a particular com= ‘.
' ponent in a sample. . F
" B These chemicalanalyses yery fregdently -
involve an acid-base reac or an
oxidation-reduction reaction. ,

€

C Three important terms connected with .
these two types of chemical reactions
are. mole, equivalent weight, and
normality. These terms will be de- .
fined in following sections. ]

5 = ‘
ANALYTICAL CHEMICAL REA €TIONS

* €

%
It

A  As stated above, Inachemical analys:s
a volume of standard solutionis brought

- into contact with a folume of sample
in order todetermine the concentration
of soz’e particular component of the
sampl

- N
LY

"‘ - [}

B Foragiven-volume of sample, it i8
necesgsary to use a definite amount of
the standard solution--too much or too
little would give erroneous results.

-

-

C For example, one cannot simply mix
together random volumegs of sodium P
hydroxide and hydrochloric acid solui- r
tions and expect the only two substances I
produced to be sodium chloride and
.water.

D Uniess the concentratiorns of the two
reagents are known and the amounts .
measured accurately, excess sodiumt

hydrgxide or hydrochloric acid will

also tEcmmn at the end of the reaction.

E_. The reason for these limitations is
that when molecules react with
one another, they do soindefinite ratio.

»

* PC.17b.11, 80 .
Q - . . .

VOLUMETRIC ANALYSIS OF WATER QUALJTY
: 7/

‘have been rounded off.

-
-

Unless themmumber of molecules of each
reactant i8 known, there willalways be
an excess of one of the reactants re-
maining at the endof the chemical
reaction. As mentioned before, this
leads to erroneous analytical results.

- .
Because of their size, it 18 not poss)ble
to count out numbers of molecules.

&Howe\:er, the number of molecules in

a quantity of a chemical may be found
by 3etermining its weight and consulting

\;‘table which lists the weights of the

oms making up the chemical.

LY

'For example, sodiurm hydroxide has the

formula NaOH. It can also be stated
that a molecule of sodium hydroxide
consists of one sodium atom, one hy-
drogen atom and one oxygen atom.

One sodium htomyweighs 23 atomic
mass, units (amu). An oxygen atom

!

\

weighs 16 amu, and a hydrogen atom

weighs | amu.

A moleculersof sodium hydroxide, there-
fore, weighs 40 amu, ail amu values
Forty amu is
the molecularwetght of sodium hydroxide

-
A mole of any chemical 18 anumber of

grams numerically equal to the moléc-",

fillar weight of that chemical, Onemole
of sodium hydroxide, ‘therefore, con-

* tains 40 grams (40 g).

Similarly, the atomic weight of a

chlorine atom is 35 amu, that of a hy-_;

drogen atom is 1 amu; and the molecs

'ular weight of the hydrogen chloride

molecule 18 36 amu. One mole of hy-
drogen chloride weighs 36 g.

"
-

Synonyms for mole are. mol, gram
mol, gram mole, and gram molecular
weight. -~

Tables listing atomic weights of the
elements can be found in virtually all

13!

-

¢

"
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Volumetric Analysis of Water Quahity
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of the texts used for high school and, *
first year college chemistry courses.

. L. The remaining two terms mentioned in

1 C {equivalent weight and normality)
willbe consideredas theyarerelatediq
acid-baseand oxidation-reductionreac-
tions. i

HI ACID-BASE REACTIONS ‘

A Recall that an acid is a substance which
, donates a hydrogen ion, or proton, (H')
in a chemical rfeaction and a bases a

. substance which donates a hydroxide fon
{OH") or accepts a proton in a chemical
reaction.
are called acid-base reactions.

B Inthe case of sodium hydroxide, the
molecular weight is 40 amu and one
mole of sodium hydroxide weighs 40 g.
One hydrokide fon is contained in the
sodium hydroxide molecule.

1 For a base, the number of grams .
in a mole divided by the number of
hydroxide ions eqdals a quantity

called the equivalent weight. Ex-

&mples are given below. All amu
values have been rounded off,

. a Base/-pptassiun{ hydroxide KOH
Atoms Number Wtfatom Total -

- K - 1 39 amu 39 amu
N O 1 16 16
\ H 1 1 1

5_6—amu'
One molg-of I-'('bH =56 g
Number of hydroxide fons =1
Equivalent weight ‘of KOH = 56 g

b Base - calcium carbonate Ci’.CO3

~ Atoms Number Wtfatom Total

Ca 1 40 arnu 40 amu
C 1 12 12
o) 3 16 48

/ 100 amu
Gie mole CaCO,, * lOOg

Equivalent weight of CaCO s 50g

Reactions involving these processes

»

-

~Number of pr;oto?xs (MY } {t can accept 2 2

2 For an acid, the number of grams
in a mole divided by the nymber of
hydrogen fons is the equivalent
weight. Examples are given below.
All amu values have been rounded
off. . ‘

a Acid < mtric acid HNO3 r
Atoms Number Wt/atom Total

H- 4 1 amu 1 amu
= 1 14 14
8] 3 16 48
63 amu
One mole of HNO3 = 63 g
Number of hydrogen 10ons = 1
Equvalent weight of HNO3 = 63 g

b Acid - sulfuric acid H2804 .
Atoms Number Wtfatom Total

H 2 1 amu 2 amu
S 1 Ky 32
o) 4 < 16. 64

98 amu

One mole of HySO, = 98 g
Number of hydrogen ions = 2
Equivalent weight of H804 = 49 g

Normality is a method of expressing
golution concentrations. If one equiv-
alent wejght of a chemical is dissolved *
in a solvent and the volume brought to
one liter 1), the cohcentration of the

__solution is one normal (N).

1, The equivalent weidht of KOH was
calculated to be 56 g. This amount
of the s61id dissolved in water and
diluted to a liter would glvea IN
solution.

2  The equivalent weight of HNO3 was
found to be 63 g. Thig'quantity of
acid diluted to a liter would give a
1 N solution.

!

i

OXIDATION-REDUCTION REA CTIONS

The concepts of mole, equiyalent weight
and normality, as described in previous
sections, apply also to oxidation-
reduction reactions.

~L,




Volumetric Analysis of Water Quality
v ’ ' . - ) ‘ ’ -
t . ) '
B One definitjon of an oxjdation 13 that ft B " Complete R_eactions‘T ‘ e
involves an increase in the oxidation . ) .
. state (charge) of an atom.  ° All of the sample component of :
BN - ’ interest must react in order to
Aor example. FeCly — FeClz. In this quantitatively determine 1ts concen-
. conversion the Fe has been oxidized tration. You need some indicator
from +2 to #3. R SR of when the reaction is complete.
‘ . Two types of indicators are those
C A reduction 18 adecrease in the oxida- you ean detect visually (e.g. appearance
°  tlon state (charge) of an atom. of a color) or by a change in an
. . L electrical property (e.g. amperage)
For example. KMnO4 — MnO, . In this -+ when the reaction 18.completed: - -~
v conversion the Mn‘has been reduced .
from +7 to +4. . C Volumes ’
D The equivalent weight of an ox‘ﬁ}zing The volume of sample and of the
or.reducing agent is calculated by reacting standard solution must be
dividing the number of grams ina mole measured very accurately.
of the reagent by the change in charge
involved. - 1 Sample - The sample {8 measured '
. into the titration vessel, Ordinarily,
For example. FeClp (used as a reducing a pipet {8 used for the measurement
agent). N . i, unless the volume exceeds 100 ml.
: - -
Atoms Number  Wt/atom Total . 2 Standard Solution - A btiret 8 used
. cl 2 70 70 to measure the standard solation
126 amu required to complete the reaction. \
a
' g::;;:lii (:: Fe;lz' ll?‘f g D Concentrations = .
Equivalent weight of FeCly = 126 ¢ 1 The concentration of the standard
The concentration of a liter of solution solution s ‘ixpressed elther in
which contains 126 g of FeClp 18 I N * moles per lter (molarity) or in
: equivalent-weights per liter

. (normality). A detalled discussion
VvV VOLUMETRIC ANALYSIS about calculating moles and equiva-
lent welghts can be found in“III -
Volumetric analysis involves a titration which and IV above.
{s the process of determining the strength or ~ : v
concentration of an a.ccuratelﬁnmeasured volume 2 Sample - The concentraton of the
of sample by reacting it with accurately constituent of interest th thé sample
measuged volume of a standard solutfon, {s determinedby calculation (next).
A Chemical Reactions ’ . .
Reaction - E Cdlculations L
Chemical reactions take place during
' the titration. Acid-base reactione and N 1  The basgic relationship utilized

oxidation-reductton (redox) reactions in these calculations {s: -

are commonly utilized in water quality

titrations. . . {Normality) (Volime) of the sample

j equals (Normality) (Volume) of
\ the standard solution.
* v. . '1 . - ~r '
-% ‘1 . |
. \ 52 ) .
. - & 6-3-
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Volumetric Analysis of Water Quality ‘

At the end of a titration, three

of the four factors are known,
80 it is very easy to calculate .
the one unknown: “\

(1) N of sample = (N x V) of standard
V of )sample-
S A}

2 Normality expresses the number

of equivalent weights of the consti-

tuent present in the sample. To

convept.normality to an expression

of weight, this relationship applies:

Vi

(2) grams = (No. Bq. Wts) (Eq. Wt.)
3 Since N of sample equals the
No. Eq. Wts, we can substitute
formula (1) for (No. Eq. Wts.) in +
formula (2).above to yield this
calculation formula for g of sample:
(3) g = [ (N x V) of standard] *(Eq. Wt.)
. V of sample

4 To express v.he weight of the consti-
tuewnst as a concentration on a per
liter basis, another factor is added
to the combined formula (3) to give
the final calculation formula:

\ V of s8ample
Where V i8 in liter unita and Eq. Wt,
{a in grams.
The formula can be used to find mg
it v 18 in ml.units and the Eq. Wi.i8
~ expressed in mg. '

5 An example of the applicalion of the
formula to express the results of an
alkalipity titration would be:

. A
© mg/L CaCn, (Vol s‘td)(NatJ)/: 50 x 1000
ml. sample B

- -

where:

Vol std=the volume ¢f a standard
solution-of acid measured by a buret .

during the titration.

(4) g = { (N x V) of standard] (Eg, Wt.) (1000) °

,

N std - Th% standard acid used :s
known {G°be a cerjain normality

50 - equivaleng weight of CaCD,

1000 - result {8 to be ex.preaaed as
— a per liter concentration

ml sample - measurdéd at beginning

31 titratiqn

ST ANDARDS
PRIMARY 'STANDARDS

-

»

A reagent of known purity 18 called a
primary standard. Primary standard
grade chémicals are available from
chemical supply houses and the National
Bureau of Standards. An accurately

_measured quanfity of a ptimary stand-

ard is used for the preparation of
standard solutions. .

Other requirements of a primary stand-
are are:

1 It must be stable at105°C (the -
temperature used for drying).

2 It should not be reactive with com-
ponents of the air, such as Og and
COa2. 7

3 It should have a high equivalent
weight 8o as to minimize any :
errors in the analysis.

4 It should be readily available at a
reasonable cost. .

.

VI11.-STORAGE OF STANDARD SOLUTIONS

Standard solutions should be prepared
usipg high quality distilled water. ~

Care should be taken to insure ‘the
cleanlineds of the glass or plastic
bottle used for storage.

93
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Some solutions may decomppoge ol ex- This outline was prepared by C. B. Feldmann,
posure to light and should be stored in Chemist, National Training -4 Operational e D
dark bottles. e Technology Center, Revised by Audrey D, Kroner,
- s T . . National Tralning & Operatiohal Technology Center._
D The stopper or cap ?hou_ld,ﬁi tightly. OWPO, USEPA, Cincinnati, Ohio 45268
. . ! ' .
[3
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Peterson and Co., N.Y. 1957, =
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e . , « ACIDITY,- ALKAL®NITY, pH AND BUEFERS & - . *
. S N . . . ‘. oo |
[ . DEFINITIONS'OF ACIDS AND BASES" C Neutrality ..
LY J - L .
%Arrﬁenius 'I'heory of Acids and Bases “« . 1 Itis pogsible to have present in C.
. (De'leloped about 1887) , | the water chemically gguivalent .
) ! anmfounts of acids and b¥ses.™ The .
1, Acid. A gubstance which produces, water would then be described as o
inaqueoys éolution. ahydrogenion \/ beirig neutral, f{.e., there 1s a .
g (proton) . preponderance of Heitheracid nor
V] o R } ' basic materials. The occurrence g
L 2 Base PI Substance which produces, =, of such f ¢ondition would bé rare,
T, ’ in'aqueous solution, a hydroxide . . ' )
| . . - fon, OH™, -, ( Tt ’ N . f/\%\.\ .
- - . = . . . 2 2 Theterm neutralizatio refﬁ*s to,
3 ;..The Arrheniug theory was confined the combiming of chemical), equiv- ’
<" “"to the use of water as a golvent. , alent amounts of acids and bxs‘
DR . . . - The two products of neutralization v
%onsted and Lowry Theory of Acids . . ° area saltand water. . \ s
, e d Basges (Developed ab'out*1923) . . ) T
- < l . H . .
TR ACid: A substance which donates, ‘ HCl + NaOH = NaCl+H,Q v
. in chemical reactiop. a hydrogen -, \ . | -
t. . ion (préton) oo . Hydro- Sodium, . ium ’
. 5 Y, . Lo chloric HyQ:id/e ;4 ride
.2  BagemA subﬂtance which apccepts, acid mlt)
in chemical renction,, a hydrogen .
« ° Tionf(protoh).” . , ’ D Acidity a.nd[or alkalinity are me¥sure- “h .
v o . “ments’of a gross property of a watér
. e 3 Brongted and Lowry had expanded : . rather than of specific acids or bases
¢ " : the acid- base concept into non- “ - presgent, - '
o . aqueous medla; i.e., the solvent ',
- g , could, but didnothave to be water. . . ‘ -
iy »* , III HOW ARE DEGREES OF IDITY AND
*C Thare ere other acid-base{heOries..The ALKALINITY ’EXPRESSED?
two above are probably the most commonly . ’ . o,
. used ones when discussi,ng wastewater The pH scale i8 used to express various
. topics hollver, . . .,  degreed gs;xcidity and alkalinity. Values
™. . o ) can range rom 0 to 14, Thesge two ex-
1 DEFINITIONS OF ACIDITY, °* treme’s are of theoretical interest and 5
ALKALINITY AND NEUTMUTY are not often encountered in a natural -
. - . water or in a waste water. pH readings
. A Acidity of a Water: , ’ .o, from 0 to just under 7 indicate an '
. L . dcidic condition; from just over 7 to 14,° .
e Its quantitéiive capacity to neutralize . an alkaline condition. Neutrality exisgs .
a*strongbase to a designated pH. . if the pH value is exactly 7. pH paper )
‘o , STy - or a'pH meter provides the most .
. B Alkalinity ol wWater: - ctqonvenient method of obtaining pH o
. . . ’ . . ) }' dings. It should be noted.‘ that
" 1ts qi¥intitative capacity to neutralige . ‘urder NPFDES* Methodology, pH
. a strong acid to a designated pH. . measurements are to be made using a ’
* v " pH meter, « Some_common liquids and
L . . I ! > ' pH values a;e,lis?sa in Table I, o
- : N ; {
! CH.ALK. 3a,11.80 Y - = ﬂ *National Pollutant Discharge - 741 .
o : ' 50 -Elimjpation System.

c » » % ' L] » i
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Acidity, Alkalinity, pH and Buffers .

- N - L

(2
pH Values of Common Liquids

13.7
™\

12.7
11.3 . -

TABLE 1.

Household lye
Bleach

Ammonix

Milk of magnesia
Borax

Baking soda ' _
Sea water

Blood

Distilled water

Milk . )
Corn ‘

Boric acid -
Orange juice

Vinegar

Lemon jyice

Bauery cld

-
.

+

~of

N ot
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5.9 - 8 4 ig the common pH range for most
natural waters, A

IV HARD AND SOFT WATERS .
acidic or baalc: water
d as beifig hard or, soft,

In addition to bein
canalso be des

-
-

Hard water contains large amounts of
calcfum, magnesium, stfontium, man-
ganesge and iron ions, relative to the
amount of sodium and potassium lons
present. Jard water 18 objectionahje
because it forms insoluble compounds
with ordinary .soap,

A

B Soft water contafhs small amounts of
calelum, magnesiym, strontium, man-
ganese and iron ions, relative to the
amount of sodium and potagsium ions
present, Soft water does not form' in>
soluble compounds with ordinary scap.

*

i
V  TITRATIONS -
A Th&éonyersion of pH readings into such
quantities as milligrams (mg)of acidity,
alialinity, or hardness, is not easlly
carried out. “I'ese values are more
easily obtained by means of & titration.
In a titration, an accurately measured
volume of gample {ofunknown strength)
is combinedwith an accurately measured

B

A

volume of standard solution (of known
- strength) in the greaence’ of a suitable
indieator. -

ﬁle strength (called normality) of the
3ample isthenfotund usingthe following
prresalon

mlllilltera {(ml) ofssample X normality
(N) of sample = ml of standard solu*
’ tion X N of standard solut{o)\

Three of the four quamlues are known
and .

N of sample = ml of standard solytion
X N of standard solution/ml of le.
In modified form, and a more}pecific
application of the above equation,
alkalinity is calculated in the following
manner:

mg of alkalinity as mg CaCOj/liter (1)
= ml of standard H,SO,4 X I¥of standard
’ H2504 X 50 X lOOO?ml aample

L]

’ -

.VI INDICATORS

A

The term "sultable Indicator” was used
above., At the end of a titration, the pH of
the solution will not necessarily be 7. It
may be above or helow 7. A suitable wndi-
cator, therefore, is ong which undergoes
ita characteristic color change at the appo-
priate pH. Below are a few examples of

- indicators and the pH range In which they
undergo their characteristic coler changes.
in eome cases, mixed indicators may be
uged in order to obtain a sharper and more

definite color change. Agalnit shouldbe notgd

that under NPDES, pH meters are to'be used
for the n]leaauroment of pH.

. 4 Operational
.Indicator pH Range

Methyl Yeﬂgw 2.8 - 4.0
‘Methyl Orange 3.1: 4.4
Methyl Red 4.4 - 8.2
Cresol Purple ’ 7.4 - 9.0
Phenolphthalein B.0 - 9.6
Alizarine Yellow 10,0 - 12.0
* TABLE 2, pH Range of Indicators

-
~

.




Acidity, Alkalinity, pH and Buffers

‘BUFFERS -
P -

A A buffer 13 a combinationof substances

which' when dissolved In water, resists

a pH change in the water, as might be

caused by the addition ofacid or alkali.
| Listed below are a few chemicals
which, when combined in the proper
proportiong, will tend to maintain the
pH in the indicatéd range. * °

- Chemicals pH Range
Acetic Acid + SodiumAcetate. 3.7 - 5.6

Sodium Dihydrogen Phosphate +

Disodium Hydrogen Phosphate 5.8 t 8.0
Boric Acid + Borax . 6,8 -7e0eT
Borax + SodiumHydroxide 9.2 -110

TABLE 3. pH Range of Buffers

B A buffer functions by gupplying tons
which will react with hydrogen ions
(acid "spill"), or with hydroxide fong
(alkali "spil"),

In many instances, the buffer is composed
of a weak acid and a salt of the weak acid;
e.g., acetic acid and sodiuin acetate.

1 In water, acetic acid ionizes or
"breaks down' into hydrogen 1ons
and acetate ions.’ .

’ HCoH30, = & Ht + C2H302-
(acetic acid) (hy?roogten SOII) (acetate fon)
r i proton

This ionization.occurs to only a

slight extent, however, mostof the
acetic acid remains in the form _of
HCyH302; only a small amount of
hydrogen andacetaté fons is formed.

2  Thus, aceticacid 8 said to bé a
weak acid.

>

Into the component fons~occurs to

large degree, an'ﬁdjeierm strong atid

is applied; c -§-v hydrochloric acid.

' oHCQl s wt o+t cf
(hydrochlorfc (hydrogen fon) ({chloride
acid) (proton) fon)

3"In the case ofotheracids, ionizatiE\ .

.

4 The terms "strong"”and "weak"are
also applied 10 bases. In water
solutions, those which break down
into their component lons to a large
extent are termed ''strong', and
those which do.notare "weak",
Sodium hydroxide isa relatively
strong base, while ammonuum .
hydroxide is realtively weak.

5 Sodiumacetate (a saltof aceticacid)
dissociates or "'breaks down" into
sodium ions and acetate 10ns when

. placed in water. '

NaCoHz02 = N8+ + C2H302'
(sodiun} acetate) {sodium ton) (acetate 1on)

This dissociation occurs toa large
extent, and practically all of the
sodium acetate is i the form of
sodium ifons and acetate 10ns.

D It would be difficult and expénsive to
prepare large quantities of buffers for
use in a treatment plant. However,
certain naturally occurring buffers may
be available {carbdn dioxide is an ex-

ample). It dissolves in water to form
- the species indicated below.

Co, + Ho0O = HyCO3z ~

{carbon dioxide) (Water) {carbonic acid)
HpCOz = H' + HCO4"
(hydrogen ion) (hydrogen car-
{proton) bonate fon)
(bicarbonate)

The hydrogen tons react with hydroxide
iong which might appear in the water
as the result of an alkali "'spjll".

Bt + OH" = HpO

{in the (hydroxide ion .

buffer) "spilled")
« men carbonate lbns react with

fiydrogen fons which might appear in

i |
|
|
i

the water as the result of an acid "spill®,

o
H* + HCO3~ = Hz&)s
{hydrogen ion) (in the
(proton) buffer)
"spilled"’

LS

This bﬁ.ffering action'will be in effectas
long as therals carbonic acid present.

B
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Buffering action ¥s not identical with
a process in which acid wastes are
"neutralized" withvalkalf wastes, or.
conversely., The desired effectsis
achieved in both cases, howevenr (ire.
e pH {3 maintained within a desired”
nge.) ’ o

i)
«
.
. -
v
« ! !
- ¢ . >
.
.
.
LY
»
-
N A}
.
t
+
«
.
. !
k
L L]
’
5 .
»
.
i
P
.
~
. <
.
- . ‘
- L) -
e
.
-
»
*
f
R »
3
. .

- z\'
_Thys outline was prepared by C. R.
Feldmann, Chemist, National Traumng and
Operational Techn8logy Center,

OWPO, USEPA, Cincunnati, Oho ﬁ','>268.
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Descfiptors: Acids. Acidity, Alkals, .
Alkalinity, Analytical Techmques, Buflers,

+ Buffering Capacity, Chemical Analysis,

Hydrogen lon Concentration, Indicators,
Neutrahization, Water Analysis. '
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‘ .o ALKA LINITY AND RELATIONSHIPS AMONG THR
v VARIOUS TYPES OF ALKA LINITIES T,
? < * .
- . i ! ?
I PRELIMINARY . —_— II RELATIONSHIPS BETWEEN HYDROXIDE,  , .
’ . CARBONATE, AND BICARBONATE
The property of water reférred to as alkalinity A LKA LINITIES
is usually caused by the presence of hydroxyl,
,Lcarbunate and bicarbonate ions., To a lesser t The results obiained from phenolphthalein .
extent, borates, phosphates and silicates and total alkalinity measurements offer a ,
contribute but are generally present .n means of classification of the principal
negligible amounts, . forms of alkalinity, if certain assumptions -
: . . are made, " must first be assumed that -
’ ' intepffrences are absent and that bicar- -
The concentration and ratio of the OH , CO, , bmﬁte andhldroxide do not ex1st 1n the
. and HCO, 10n3 may be measured by mratmg same solution. According to the system | .
a sample to certain specified pH's or end (1)
points which are detected either by use of a presented in Standard Methods. i
pH meter or by color indicators.” Phenol- ) ’
phthalein is used for vmua} detection of the A Hydroxide alkali:ﬁ:y 18 present if the
first end point, (approximately pH 8) which phenolphthalein alinity is more than
indicates the neutrhlization of NaOH and con- one-half the total alkalimty.
version of CO, {o HCO, .~'A number of ' |
indicators (methyl orange, methyl purple, - B Carbonate alkalinity 13 present 1f the
r > phenolphthalein alkalinity 18 not zero
brom cresol green,etc. ) are used for detection b al .
of the second end point (pH 3-5) which indicates Ut 18 legs tha? the total alkalinity.
the complete conversion of HCO to H,0O and . , .
CO,.  The final end point is determmeg C Bicarbonaté alkalimty is present if the, N .
the%amount of CO and HCO or!gmally phenolphthalein alkalimty 18 legs than - .
present in the sample. If the ‘end points are one-half the total alkahmtx.
determined electrometrically they are taken v '
as the mid-point of the greatest rate of pH . ‘ '
change per u‘ni,i volume of titrant,
TabTe 1. Re]atlonshlps Between Phenolphthalein Alkalinity, Total Alkalinity, .
Carbonate Alkalinity, Qlcarbon.ate Alkalinity and Hyd.roxide Alkalinity
Lecture Result of OH Alkalin_lty co,” Alkaunlty ' HCO3 Alkalinity
_Notes Titration a8 C:'a.CO3 " as CO Tas GaCO
- Case 1 P= T . T : o 0« - _
¢ Case2 P e i1, €o 2p .o, '
. LCasge 3 P O o) v * 0 ‘ T .
“' ]
. Case 4 P> 4T 2P-T 2(T-P) . o
S ’ N .
o Case § P< it 0 : e | T2 a
L) I - /1 " - -
P '« Pheholphthalein Alkalnity T' = Total Alkalinity . :

-
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Table 2. Stofchiometric Volumeés of Solutions of Different Normalities
Standard Solution H2$0 4 NaOH N82C03 NaHC03
Normality 0.0209 0.0188- | 0.0199 0.0125 f
Equivalent Volumes, ml 10.0 . 10.6 9.9 16.0
i 9.4 ' 10,0 . 9.5 15.1
’ 10. 0. 10.5 ° 10.0 15.9
~ - 6.3 6.6 6.3 10.0 r

Il CASE EXAMPLES

The relationships Involved in Table 1 may .
best be explained by reference to the, following
graphs These were prepared by tltrating
volumes of.standard sclutions of sedium
hydroxide, sodium carbonate, and sodium
bicarbonate with standard su.lfuric acid.,

The stoichiometrig volumes of the Various
solutions are summarized in Table 2 for
convenience in the interpretation of the charts.

A CASE 1l - Where phenolphthalein alkalinity
= total alkalinity

\ M FND FOINT

o 1 1 1 i 1 L
L ‘ 16 5 I B+ X ¥

(TR L n;so, Ahurn
v

15 M) R atka N NaH) ve n N2y N [r_"m‘|
i = M

»
\

. v
\

The sharp break occurs at the point where
all of the NaOH has been exactly neutral-

ized by the acid, The pH and‘concentration.

of the end products (Na SO, and H 0)
. determine the pH at the eqlglvalence point
_ between NaOH and H, SO, ; in this case,
- 2774
approximately 7.0,

EKC

wll Toxt Provided by ERIC

. B CASE 2 - Where phenolphthalein atkalinity
= one-half the total alkalinity

ol

] 5 in [0 Fod E N - [
M1 R HIC N u'\-o| Anie )
BMLO B0 N Ny, (X, v LR e
L] P

"

The titration proceeds in 2 stages -wherein
all of the 003_ is conv rted first to

HCO,, and {inally to H -The first

end point occurs at approx%mately pH 8,

and at exactly half the volume of acid

used for the-total titration. The end point
which occurs at approximately pH 4 )
repregents the total alkalinity and requires
exactly twice the volume of acid used for
the first end point.

If either HCO, or OH ions hagd been
present the ti?ration volumes {or the curves
would not have been of equal magnitude.

6) \

f
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£ . LY ‘e
- ’ . - v
C CASE 3 - Where phenolphthalein alkalinity sumlilar for each end point, it is apparent
a0 . : that a base res;wndh;ig to phenolphthalein
' but which i{s not CO must be present. N
" T T T J T ? Sigce it was orlginaily assumed that OH

and HCO3 do not’ ex{st in the same
solution We must conclude that the total

. alkalinity 1s due to OH and CO,.".
i E CASE 5 - Where phenolphthalein alkalinity
. J \ P R : 1 {5 less than one half of the total alkalinity
LI & o, 2s * o
LU T e "\rrmb r 1 T . : T T .
FE R LB AL 'iaulO! e i N JIJY”‘ )
iy 5 f -
- e (1) ¢ 1) b AT b
L3 nd
. pi LN RS NA LY
T The reaction proceeds in one stage with SR = -1
the initial pH at approximately 8,5 and . : : 4 i ) ]
finial pH at 4.0. In this case the phencl- > 3 e . & : .
phthalein alkalinity is zero and since no [iowt 0 oan N g0 O _:"’!’3" AP
conversion of 003 to HCO,, is noted the i he nog '
total alkalinity can only be due to the
~ ,H'003 ion. " oo .- - . - 2 - T 2
D CASE 4 - Where phenolphthalein allalinity & £
fs greater than one-half the total alkalinity g;z%otzefgag,wg]f gfggﬂ fx&;;ltgoig
12 7 T I T T T excess qua.naty,_ the findl sample con- .
’ . N tains NaOH and Na,CO,, (Case 4) in
) B VARl which the volume o% ac?d required for
= T Do uiNT the phenolphthalein end point is greater
e . than one half the total. In ¥his case,
Nl - however, the sjtuation s re¥grsed,
. ; T o \ | \ wherein the volume of gcid required
N R PR U7 2% % ” for the HCO,_, end point {8 greater than
Mi 3t Noasa, “"’:’" one half the :total. Referring again to
[m Ml > Bl R n.m; ;“.:\Nu’: s(-,.f: N mzuu’] L the reaction NaOH + NaHCO,~ Naz%oa +
: T H,O, i NaHCO, is in exces® the end
? The volume of acid required for the {irst };‘::’dgcots 3:“0;9“;1:;:; eN:b sig .a?;.ihe ~

end point (phenolphthalein alkalinity} is

due to the OH  neutralization and con- end points consist, therefore, of Na,CO

3
version of the CO, . to HCO *The NaHCO, (phenolphthalein end poﬁlt)

second end point represents ?hc complete «and NaHC 3" H2C03.
conversion of HCO, to H_CO_. Referring x

~ . -

. to Cape 2 where the volunte ofo'acld was !

hd . . |
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1)

F CASE 6 - Where phenolphthalein alkalinity
Is greater than one-Ralf total alkalinity.

1 v T T H 7 T T

[ILERTIWAt 1N

b
10 2 ND FOINT
wH o . }
bl ol -
» 1 1 1 1 ! I
L] ) 10 ¥ AT 4> »r ¥
’ Ml G nL N u‘\u‘ AT D

ot o 08 N Nt v v ME 0 aids N NuK ey v
ooz NS0,

b
Following the original assumption that™
OH™ and HCO,,” are not compatible, with
HCO.,~ being Converted to C03" we have
a condition similar to Case 4°(P.> 1 T),

G CASE 7 - Where phenolphthalein alkalirifity
{s greater than one-half total alkalinity.

't T T T T T T

-t

I—ns P ND POINT

r-(n PN POINT

R ! 1 ! I ] 1
& < - o P 1s % ¥
Ml Q30 N sl,.*-ﬁ' AW
' [oms » ran s s R :'1‘ Gy 1 30 M
wolTs N walK O Jem € 540 N o
’ L -
(-]

-~

The first end point occurs at the stolchio-
metric sum of the equivalent volumes ag
foupwa:

L4

(10 + 12.6)
(9.4 - 6.3) A E—

LY

where (9. 4 - 6.3) = volume of N acid
nequired for excess OH after OH +
HCO3 reaction, -

L4

o
and LIO_;M 3 volume of acid required

for conversian of CO.  to HC03'. The
second end point occirs at s
. (10 + 12.6)
2
which I8 converted to HCECOQ. This, theh,
se 4,

becomes the Bame as

ml, the volume of HCOs-

-~

)
IV COMPARISON OF ANALYTICAL
* METHODS FOR ALKALINITY (According .
to the Analytical Reference Service
.Report JAWWA Vol. 55, Nb. 5, 1963)

"

Way (N2 DETERMINATION MITHOODS

TABLE 2—Sidusiuel Szmmary (conid )

Conta, Diteraiard ' *
T e A I R P
™ | npened ‘aga’ |— 7 3 T
l‘rul Lee | !
: -
¢ Alcsbalty &

Methyl orangs wol 310 [ 200 umwelar | oson

11 19 4 1984 1& H x1 2483

N 1981 ki 2514711 % 0 = 15 12150

Electrometric 19561 44 19 -j 197 190 N0 =1 . ooly
1953 33 117 194 ¢ 1% 23 =2 0 s

1961 H 28] 2] el B = 2 1eQs

Methyl purpie 19561 & {19 [147] wot 152f5x4 0418

. 1953 10 17 1931 18 3] =2 0823

" 1981 1] 4283 4481 40 0 %= 1.5 3081

Moed wndsca tor 1953 4 17 1951 18 farl PR 1.000

1961 135 ﬂ.S‘ 28] 9 =} 1550

Beorn crevol green 1958 17 19 19 19 [ x2

AL methods 195 w 19 192 H2Y X0 | =2 4§ 40

1953 ” 17 19467 1% b33 =2 10

19810 178 [ 4230 439 28 1 ST |k 29 $.338

. Alkalinity - The methods for alkalinity
measurement varied onlﬁ in the choice
of indicator or pH for determining the
end point of the titration. The indicators
used included methyl orange, methyl
purple, and mixed indicator. The data
shows that as the use of electrometric
end point increased, the use of methyl
orange decreased.
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SUMMARY !

+

Amount Added 17 mg/1{as CaCO,)

Avg. Deviation from 3.1 mg/l -
amount added *

Standard Devtat'ion 3.4 mgll

50% Range 2.0 mg/1

Method Most Commonly Electrometric
Used

Method Preferred Electrometric ,

Total Number of 41

Observations

V PROCEDURE

The actual measurement of alkalinity is a
very simple procedure requiring only titration
of sample with & standardized acid and the
proper indicator. For phenolphthalein
alkalinity,. the end point and indicator are well
established. For the blcarbonate titration _
the final end point ia a function of the HCO
concentration. With low amounts { <50 mgj1
as CaCOQ,) the pH at end point may be
approximately 5.0, With high concentrations
(>250 mg/tas CaCO,) the pH at end point may
be 4.5 t§3.8. For all-purpose work, in
which the highest degree of accuracy {8 not
required, an end point at pH 4.5 using methyl
purple as the indicator 18 recommended.

H
THe traditional méthyl orange frequently .
proves to be unsatisfactory because of the
indefinite color change at the end point and
also because of the low pH (3.8 = 3.9)
required to establish the change.

Vi

\

L.
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EP&A{IA'LYTICAL METHODS

A The Environmental Protection Agency,
" Office of Water Programs, has compiled

a manual of Analytical Methods which 18 to
be used in Federal laboratories for the N
chemical analysis of water and waste samples.
The title of this manual is "Methodsfor
Chemical Analysis of Water and Wastes, n(2)

B This manual lists two parameters which
are related to the subject matter in this
outline, Tfley are total alkalinity and

~Aotal acidity.

C For the measurement of both of these
parameters, the recommended method
is volumetric, with the equivalence powmnt
being determined electrometrically.
The use\of a color indicator {methyl orange)

i8 recomihended only for the automated
method. )
REFERENCES '

1 Standards Methods for the Examunation,of
Water and Wastewater, 14th Ed.
APHA, Inc., New York. 1978

2 Methods for Chemical Analysis of Water
and Wastes, EPA-MDQARL, Cincinnati,
Ohio 45288, 1974. l

This outline was prepared by R. C. Kroner, furmer

Chief, Physical apd Chemical Methods,

Analytical Quality Control Laboratory, National . _

Envik'onmen!.al Research Center, Cincinnat,
Ohio 45268.

Descriptors, Alkalis, Alkalinity, Analyticgl
Techniques, Buffers, Buffering Capacity,
‘Chemical Analysis, Water Analysis



DETERMINATION OF CALCIUM AND MAGNESIUM HARDNESS .

I INTRODUCTION

A Defimtion of Hardness . . .

USPHS - "In natural waters, hardness
{8 a characteristic of water which re-
presents the total concentration of just
the calcium and magnesium 1ons ex*
pressed as calcium carbonate., If’
present in significant amounts, other
hardness-producing metallic ions should
be mncluded, ”

]

B Other Definitions in Use *
° 1 Some confusion ekists in understanding

the concept of hardness as a result of (
several definitions presently used. !

2 Soap hardness definit{on includes hy- °
drogen {or because 1t has the capacity
to precipitate soap. Present definition
excludes hydrogen {on because it {s not
cons{dered metallic. - .

3 Other agencieB define hardness as
"the property attributable to presence
of alkaline-garths",

4 USPHS definition is best in relation
to objections of hardness in water.

Il CAUSES OF HARDNESS IN WATERS OF
VARIOUS REGIONS OF THE U. S.

A Hardness will vary throughout the «.auntry
depending on: .
1 Leaching action of water travers{ng
over and through various types of
geolpgical formations. '

2 Discharge of industrial and domestic
wastes {0 water coursess

3 Uses of water which result in change

* in hardness, such as irrigatiod and /
water softening process.’

"H,HAR. Je, 1,80 °

]

B Objections to Hardness
1 San-destroymg properties .
2 _Scale formation

C Removal ahd Control
—_
Hardness may be removed and controlied
through the use of various softening oper-
ations such as zeolite, l{ime-soda, and .
hot phosphate processes. It can also be
removed by simple distillation or cofn-
plex formation with surface active agenis
(detergents).

Il ANALYTICAL PROCEDURES -

-
,

A National Pollutant Discharge Elimination
System (NPDES) ,
Under the NPDES of the 1972 Federal Water
Pollution Control Act Amendments, analyses
are to be performed using "approved" .
analytical procedures cited in the Federal
Register Guidelines Establishing Test
Procedures for thHe Analysis of
Pollutants. The cited procedures are

~ found in Standard Methods‘!), Annual - |
Book of ASTM Standards(?), and Methods |
for Chemical Analysis of Water and
Wastea'”’. The three relevant para- '
meters are: tgtal hardness, total and
dissolved calcium, and total and dissolved
magnesium. . .

.

B Total Hardness ., )

1 Total hardness may be detgrmined hy |
titrating tfe buffered sample with v
+ ethylenediamine tetraacetic agid (ELTA)
a¥'a pH of 10, 010 I'using a dye such
s Eriochrome Black T indicator, . !
A color change from rose to,blue is the .
end-polm. Either daylight \
fluorescent lamp should be used for !
illumination. Incandescent lights pro- |
- duce a'reddish tinge at the epd-point,
- Certiin metsals such as iron, manganese, -
nlckel z{nc ahd others, interfere ,with
end-point clarity.

9-1
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Determination of Calelum and Magiealum Hardness

~

Chemical inhibitors are needed to tie

up the interferring metals. Some -

Inhibitors contain sodium cyanide, and

extreme caution must be observed when
- they are used. *

2 [n the automated procedure, magnesipm
EDTA exchanges magnesium for calcium.
The released magnesium, plus the mag-
nesium already present in the sample,
produces a red violet complex with cal-
magite at a pH of 10, The total hardness
{1.e,, calcium plus magnepium) s deter=-
mined therefore, by ansq{;

Digestlon")

When determining 1 Calctum or Tot\:al B
Magnealum. the tal step 18 digestion,

The sample i8'first acidified with concentrat-
ed redistilled HNO3(5 ml/1). Five ml of
distilled HC1{50% by volume) are next added
to 100 ml of the well- rmxed acidified sample,
which is then heated at 95°C for 15 minutes.
.The sample ia next diluted back to 100 ml

for analysis.

-

4

Tmal~ Calcium

1 Total calcium may also be detexmined
by titration with EDTA, at a pH of 12+13,
Murexide, Eriochrome Blue Black R,
and Solochrome Dark Bﬁ%are among the
indicators w&b’may be used, The
titration should Be carried out . .
immediately after ralaing the pH,

Lower concentrations (e.g., leas than

. 20 mg/1) of certain metals such as
copper, ferric and ferrous iron,
manganese and zinc do not interfere,
'However orthophosphate precipitates
calcium at the elevated pH of the test,
Strontium and barium interfere, and -
alkalinity grea,ter than.30 mg/1 causes
an indistinct end-point,

2 Lanthanum is used to mask the
phoaphate, aulfate and aluminutn
interference in the atomic absorption

w det;‘rmlnatibn of calclum. High con-
centrations (up to 500 mg/1) of sodium,
potassium, and nitrate cause no
difficulty. Magnesium levels greater
than 1000 mg/1 cause low results.

-

is for magnesium. ~

.

6

E Total Magm_aflum'

~

-

A LY
1, The gravimetric determination of
magnestum wnvolves addition of .
diammonium hydrogen phosphate s,

! which precipitates magnesium
ammonium phosphatd. The precipitate
is ign:ited and weighed as magnesium
pyrophosphate. ~ The sample should be
reasonably free of aluminum, calcium,
iron, manganese, silica, strontium,
and suspended matter.

2 Alunhnum coficentrations greater .
than 2 mg/1 interfere with the
atomic absorption procedure.
Lanthanum 15 'used ag a maskwmng
agent. At concentrations less
than 400 mg/ 1, sodium, potassium
and calcium cause no problem.,

-

'l

F Dissolved Calcium & Dissoived Magnesmum

The dissolved metals are determwned by 0,45
.M m filtration, followed by acidification with
redistilled HNO3 to a pH of 2, and the method .
(except for digestion) used for the “Total”
metal. Pre-filtration to remove larger aus-
pendéd aolids is permissable, A glass or
plastic filtration apparatus 18 recommended
to avold contamination,

G Other Procedures »

-~
1 The analytical procedures for total /
hardness, calcium and magnesium
outlined above are those to be performed
ynder the NFDES,
2 Examples of other, "non-NPDES"
procedures are: .

a Gratimetric determination of calcm_m.

b Potaaalux';: permanganate titration
of calcium,

¢ Determination of total hardness and
caleilim or magnesium and then sub-
tracting to obtain the concentration
of the other metal. This procedure
assumes tirat calcjum and magnesium
Aare the only hardness components  °*
present. \ 1

d Determining the cancentration of the

~ individual metals, multiplying the
Q concentrationg/by an appropriate factor

0 put the values on a calclum carbonate
basis, and then summing the calcium
carbonate concentrations to obtain a
total hardness value.

iy
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Determination of Calclum and Magnesium Hardness

REFERENCES f

1 Standa'rd Methods {or the Examination
of Water and Wastewater, 14th ed.
APHA, AWWA, WPGF, 1915,

2 Annual Book of ASTM Standards,

) Part 31, 1975,

3 Methods for Chemical Analysis of |

7 Water and Wastes, EPA~ EMSL
Cincinnati, Ohio 45268, 1974.

4 Barmard, A, J. Jr., Broad,‘w. C. and
Flaschka, H, The EDTA Titration.
J. T. Baker Company. 1857.

5 U, 8, Public Health Service. Drihking
Water Btandards, USPHS Report,
Volume 61. NO. ll. 1946. . )

6" Rainwater, R. H. and Thatcher, L. L.
Methods for the Coliection and Anal-
ysis of Water Samples. U. S. Geo-
logical Burvey Water Supply, Paper
1454, 1960,

;
This outline was prepared by B, V. Salotto,
Research Chemist, Waste Identification and
Analysis Section, MERL, EPA, and revised

by C. R. Feldmann, Chemist, Nafional
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CHLORINATION AND CHLORINE DETERMINATIONS
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I INTRODUCTION

Chtorine normally 15 applied t&a/ter ag a

bactericidal agent: 1t reacts with water con~
; taminants to form a variety of products
containing chloriner The diffgrence between
applied and residual chlorine represents the
chlorine demand of the water under conditions
specified. Wastewater chlorination is pdrti-
cularly duflicult becapse the corféentration of
organisms and components gusceptible to
interaction with chlorftne are high and variabte. ..
Interferences with the chlorine determination
in wastewater confuse interpretation with
respect to the chlorine residual at a given
time and condition, its bactericidal potency,
or its future behawior.

II CHEMISTRY OF CHLORINATION

Chlorine is used in the form_of chlorine
gas, chlorine gas ¢issolved in water or
as hypochlorites,

'A  Chlorine (Cl,) combines with water to
form hypochforous and hydrochloric
‘ acids:

Cl, + H,0 = HOCL + HY + 1 °

The reaction is reversible, but at pH values
above 4.0 and concentrations of chlorine
below 1000.mg/L the shift is predominantly
to the right leading to hypochlorous acid

(HOCl). Hypochlorous acid i8 a weak Acid

and consequently ionizes {n water accordlng iu’

to the equation: LN
wcl = u +oal”

This reaction is also rweraible.ﬁa pH
value of 6.0 or below almost all of
ch.lorlne is present as hypochlorous acid
(HOC1) whereas above pH 10, 0 nearly all
of it'exists as hypochlorite fon (OC1 ).
Thus the addition of chlorine (Cl ) tends
tolower the pH,

> o i - ‘

lld. 1,80 . f

[Kc *

TS . S -

.l
/ B One hypochlorite-compound used for water

treatment {8 calclum hypochlorite. When
dissolved in water it forms hypochlorous
acid and calcium hydroxide:

4

CalOCllz +2H,0 5 2HOCL Ca ' ' 420"

The hypochlorous acill ionizes as shown
below: s

Y 'noc1 = wtiocl”
Thus treatment with 4 hypochlorite results
in the same equilibrium as when chlorine is
added. A contragt, though, {8 the increase

in pH when metallic hypochlorites are applied
becausé of the formation of OH .

C The Initial reactions on adding chlorine to

wastewaters may be assumed to be funda-
mentally the same as when chlorine is
added fo water except for the additional
complications due to contaminants and
their c’oncent-gtion.
[}
Hypochlorous acid (HOCI) reacts with
ammonia and with many other complex

derivatives of ammonia to produce com- s

pounds known as chloramines. Formation
of the simple ammonlia chloramines mclude_g:

1 NH, + HOCl —NH.Cl  +

3 HpCl H0
* ‘ monochloramin?
2 NHQCI + HOCl--*:NHCl2 + Hﬂ__go
dichloramine
3 NHCI2 + HOCl-o-NCls‘+ H20
- trichloramine
.
e l' .
* >
10-1
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The ‘digtribution of the ammonia chloramaines
is dependent on pH, a8 illustrated below:

]
Percentage of Chlorine Present as

pH Monochloramine  Dichloramine '
. ~ g

5 16 84

6 38 ' 62

7 65 | 35

8 85 \1\ s,

. \
9 94 ) 6

”,

The mono- and dichloramines have significant
disinfecting power. Their formationis -
dependant-0p pH. temperature, and chlorine- '
ammonia ratio, Chlorine reactions with

amino aclds are also likely, but the product
disinfecting powers are lower than those of

the Aypochldrite ion or of ammonia chloramines.

-

s ™

1II TERMINOLOGY

A Terms uséd with Respect.to Appllczhon

Site . .

+ s

1 Pre-chlorination - chlo}m,e added
prior to any other treatment.
'd

Post-chlorination - chlorine added
after qther treatment,

Split chlorination - chlorine added at
different points in the plant - may
include pre- and ppst-chlorination, .
£
B Terms Used in Designating Chlorine
Fractidns

-

1 % ree available residual chlorine - the -
residual chlorine present a8 hypo-~
. chlorous acid and hypochlorite lon, ,

-

2 Combined available residual chlorine -
the residual chlorine pregent as
chloramines and orgamc chlorine ¢on-
taiming compounds, -
Total available residﬂal_ chlorine - the
{ree available residual chlorine + the
combined available residual chlorine -
may represent total amount of chlorine
residual present without regard to type.
r t

L

In‘ordinary usage these terms are
shortened to free residual chlorine,
combined residual chlorne and total
residual chlerine. In thechlorination

of wagtewaters only combined residual
chlorine 18 ordinarily present and 1s
often 1mproperly termed chlorihe .
residual, <Y

C Breakpoint chlurination Spéufu'.auy refers
to the ammonia-chlorine reaction where
applied chlorine hydrolyzes and reacts to

.. form chloramines and HCI, with the chlor=
amines eventually forming N 2amd HQl.

NH2C1 + NHClz—— N2.+ 3HCI

v

Assuming no other chlorine demand, thé
total chlorine residual will rise, de- .
crease to zero and rise again with in-
creasing increments of appled chlorine,
Other aubatances may produce humps in
the applied chloripe vs residual Thlorine
plot due to oxidation of materials other
+ than ammonia. Somef$lmes these are
erroneously considered as a breakpoint.

b

7

L] ¥
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IV JIODOMETRIC TITRATION ANALYSES'"?

lodometric titration using cither an
amperometric or a starch=jodine

end point determines chlorine residual, .
The relative advantages of a specific

determination depend upon the form in'which
the reactable chlorine ex13ts and the amount
and nature of interferences 1n the water.
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. LI s LT
A Ampegometric Tjtration - Direct Method/ > 3 Interferences )
» 2 o]
- - - * - . s
Y 1 Sc and application - - "1 Organic matter reacts with liberated
- . -
‘A . . L. ~, . _10dine, . R
4Q This method 1s applicable to the . “t :
determination of free, -combﬁled or b . Cupric 10ng may ¢ause erratic
- » totdl residual chlorine 1n all types of \ehavxor of the appalatus,
water and wastewaters_that do not e )

contain substantial amounts of organic
matter.

Summary of Method
o

When the cell of the titrator 1g 1mmersed '

in a gample at pH 7. 0,he cell unit pro-

duces a smal} direct current 1if free

. .chlorine {(an oxidizing agent) is present.

As phénylarsine oxide (PAO) solution .

18 added,, it reduces the free chlorine.

When all the ¢hlorine is neytralized, the

generation of currem ceases. At this

end point, the microammeter pointer on

tefb apparajus no longer deflects .

Uown-scales

] ¢ - .

To t.ie.termx‘ne Cpmbined chlorine, pH 4.0
buffer 4nd potigsiun; 10dide are then

dded to the sample. ,Free 1odine, -
released by the combined chlorine also
chuges the cell to produce a small direct
current. Addition of PAO.reduces the
free iodine and the generation of current
~ ceases. Agan, the end point occurs

when the microammeter pointer no
; longey ;iet‘lects down-scale.

T

In either titration, the amount of PAO
reducing agent used tg reach the end
point ig ulfimately stoichiometrically
proportional to chlorine’present in the
gsample., The sum of the free and
combincd clilorine 18 the total residual
chlorine in the sample.

Total residual chlorine can be deter-
mined directly by adding pH 4. Q buffer
and potassium rodide to the sample
before beginning the titration. Any
free'or combined:chlorine pregent will
stoichiometrically liberate free fodine *
" which s then feduced _ with PAO
* ttrant? The amount of PAQ titrant .
" used measures the total amount of free
‘and combined chlorine originally
present in the sample. ’

*

¢ Cuprous and silver 1¥hs tend to '
oison’ the eleCirode by plating out
. on it. ¢

B Amperometric Titration - Indirect Method
“1 Scope and Application .

. This method ;s appiicablelto the
# determination qf total chlorine residual
. 1n all types of watdr and wastewaters.
In contrast to the dtrect amperometric
t_ltra‘.;%\u, this back-titration procedure
minumizes interferences 1n waters

containing substantial amvuntd of
~organic matter.

o

&.

2 Summary of Metilo‘d
A sample 18 treated with a measured
excess of standard phenylarsine oxide
{PAO) solution followed bygaddmon
of potassium iodide and a uffe{‘o ,
maintai® the pH between 3.5 an#4. 2,

Y

-

-

, ‘Any form of chlorine present will
Stoichiometrically liberate 10dine
which immediately reacts with the
PAO befdfe sigmficapt amounts are
lost to reactions with organic matter

n the sample.
T (5 . " i
hen the cell of the amperometric
thrator is Immersed In a sample so
reated, no current 38 generated since

nejtyer‘-free chlorine nor free 10dirle
* I8 present.
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# The amount of PAO used to reduce the ' before Blgmfxcant amounts are lost to
lLiberated 10dine 18 theh determined by ‘reactions with organic matter in the
titrating the excess with a standard samplel
_ledine solution. No current is generated -
untif all the excess PAO has been . The amouxt of PAO used to reduce the *
oxldized by the 10dine. At this end, liberated 10dine 18 then determined by <
point the next small addition of 1odme titrating the excess with a standard
. causes current to be generated and'the 10dine solution 1n the presence of starch )
. . Mmicroammeter pOmter perrmanently until the PAO 15 completely oxidized. s
deflects up-scale. ' At this end point, . the next small addition
of 10dine_cauges a faiy blue color to .
The excess PAO thus measured is persist in the samgle.

- subtracted from the original amount %y,
of PAO added. The difference 18 the ° v The excess PAO thug measured s
PAQ gsed to reduce the liberatsd 10dine \subtracted from theg orxgmal amount
vand is ultimately a measure of the total of PAO added. The différence 18 the
chlorine originally present in the samptle. PAO used to reduce the liberated
, 10dine and 18 ultimately a measure of . -
"NOTE: Sodium thiosulfate solution may the total chlorine priginally present
be used 1instead of PAO, but PAOus . in the sample. »
more’stable and is to be preferred. . ’
. NOTE: Sodium thiosulfate solution may

" 3 Interferences be used 1nstead of PAO, but PAO 18 —
* more stable and 18 to be preferred.\
a Cupric tons may cause erratic ¢ ) -
behavlor of th'e apparatus. 3 Interferences

‘b Cuprofis and suver 1ons tend to a An unusually high content of organi¢

poison the electrode by platmg out matter may cause some uncertainty
in the end point. If manganese,

on 1it.
. . . 1ron and nitrite are definitely absent,
C Colorimetric Sgarch-lodide Titration - 3 this uncertainty can be reduced by
Indirect Method " - acxdlfxt:atxonb to pH 1.0, '
' hd o -
* 1 Scope and Application b Color and turbidity inthe sample -
T - . cause difficulty with end-point ) .
’\ This method 18 applxcal_)ie to thd - . detection. L. .

. determination of total chlorine residual
1n all types gf water and wastewater. .

A back-=titration procedure 15 used to >
minimize 1nterferences 1n waters con- . D Evaluation of l°d°'f‘etr‘° Analyges >
tr:::it:;f.substa?ual ampounts of‘ orgamc ) lodometric titration l;Slng dmperometric v .
. end point detection appears to be the
. . ' accurate residual chlorine method % .
2 Summary of Method Bésides being inherently more accurate than
. color détection methods,.th18 electrical end
_ A sample 1atreated with a measured point 18 free of anterference from color
& excess o ‘andard pheénylarsine oxide_ =~ . and turbidity. . - ", .
‘s (PAO) solution followed by addition o=’ “ioN ' “ -
.. ofipotagsium 10dide and a buffer to -3 E T L _
. maintain the pH between 3.5 and 4. 2. - R L t
» Aniy form of chlorine present will % ‘ o~ s .
stoichiometrically tiberate.iodine . . ';'U/\ ’ . .

which immediately reacts with PAO
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The dccuracy of the colorimetric starch-
fodide end point 18 improved by employing
the indirect titration method described
above. By adding an excess of the standard ,
reducing agent and back-titrating, corntict

. between the libepated 10dine and organic -
matter in the sample is mini.mized.

0

V DPD METHODOLOGY T .
The DFD (N-diethyl-phenylenediamine)
method can be applied by either titration
or spectrophotbmetry.

A Titratbn . : )

1 Scope and Application -
This method is8 appl\cable to natural *
and treated waters at concentrations
aBove 1 mg/liter chlorine.

7 Summary of Method

A sample 18 treated with a buffer to
maintain pH 4 or less, followed by
addition of DPD indicator and potassium
rodide. Chlorine (hypochlorite fon,
hypochlorous acid) and chloramines
present tn the sample will stoichiometric-
. ally ljberate wodine from the potass:um
°  lodide.

o

The liberated fodine is titrated with
ferrous ammonium sulfate to the disap-
pearance of the red color with the DPD
serving as the Indicalgx:. Results.re-
presefit total availabl® residual chlorine.
The titration can be conducted in stages
to distinguish among free available
chlorine, monochloramine and di-
chloraminey Nitrogen trichloride can
also be estimated by changing the order
of the steps of procedure.

+

B ‘Spectrophotometry $

S/)wpe and Application .

»

This method 18 applicable to natural
-~ and treated waters at concentrations
from 0, 2 to 4 mg/liter,

.
.

f' ke . ; ~

.
u r o

Summary of Method.

. 4/
The sample 13 treated in the.same
manner as in the titration procedure,
only smaller quantities of reagents
and sample are used. The reacttons
liberating todine are the 8ame.
Quantitation réqulre-; spectrophotometric
readings at 515 nm of the absorbance of
the red célors produced 1n the treated
samples. The concentrations are deter-
mined using a calibration graph develope.
from a series of potassium permanganate
standards covering the chlorine equivalent
range of 0,05 - 4 mg/liter.

LY

vl COMPLIANCE METHODOLOGY :
A NPDES/Certifications

All of the dhalytical procedures de-
scribed in IV, lodometric Titration ~ -
_ Analyses and in V, DPD &lethodology .
(aboye} are cited in the Federal Register
as approved.

v

B Drinking Water . ,
Unddr certain conditions. chlorine residual
monitoring can be substituted for some of
the microbiological tests required by
drinking water regulations. Only the DPD
Methodology (as 1n V above) i8 cited in the
Federal Register as approved for this  _
application. In contrast to the NPDES/
Certifications regulations, the DPD test

kit ts also approved for drinking water
samples, , >

-
—
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PHOSPHORUS IN THE AQUEOUS. ENVIRONMENT - .
) L CH .
I Phosphorus 1s closely associaled with 3 The concentrations of P 1n hydrosoils,
watey quality because of {a) 1ts role 1n sludges, treatment plant,samples and
- " aquatic productivity. such as algal blooms, soils may range from 10° to 108 times
(b) 1ts sequestering action, which causes that 1n stabilized surface water. Both |
interference in coagulation, (c) the dxmcultx . concentratioll and interfering compo- L T
. of removing phosphorus from water to soe nents attect-apphcabxhty of analyncal T
desirable low concentration; and (d) its ' . techniques. . . " |
' k&tmractenstic of converting from one to |
nother of many possible forms. . .« ‘.
. : . II The pnmar)’%ource of phosphorus 1n the ‘
A Phosphorus 1s one of the primary nutrients aqueous system 1s of geological origm, ! |
such as hydrogen (H), carbon (C), Indirgct sourceg are the processed mineral ° i
nitrogen (N), sulfur (S) and phosphorus (P). products for use in agriculture, housechold,
. . industry or other activities,
1 Phosphorus 1s unique among nutrients . \
in that 1ts oxidation does not contribute A Agricultural fertilizer run-off 15 related
significant energy because 1t commonly to chemicals applied, farming practice
exigts 1n oxidized form. ’ and so1l exchange capacity.
2 Phosphorus 1s intimately involved in B Wastewaters primarily of domestic
oxidative ghergy release {from and origin contain major amounts of P from
synthesis of other nutments into cell .
i mass via \ ! Human animal and plant residues T
: a Transport of nutrients across 2 Surfactants {(cleaning agent) discharge
- membranes i{nto cell protoplasm 1s . t
likely to include phosphorylation. . 3 Microbial and other cell masses )
b The relegse of energy for meta- C Wastewaters primarily of mdustrxal
' bolic p ses {8 likely to origin contatn P related to:
include a triphosphate exch‘ange / . '
mechamsm. o 1 Cortosion control
. [ . " +
B Moantural waters contain refitively low © 12 ‘Scale control additives -
" levels of P (0.01 to 0.05 mg/L) in the , ° “ . .
‘ soluble state during periods of significant 3 ’éurfactams or dispersants o
productivity. . ) .o
. - L " 4 Chemical processing of materfals =
1 Meiabbhc-ac.uvity tends_to convert R& . including P "y - .
- soluble P 1nto cell masd (organic P) as ] 8 L -
3 part of the protoplasm, interinediate 5 Liquors from clean-up operations of
products, or sorbed material. ’ dusts, fumes, stack gases, or other
, - . . discharges
2 Degradation of cell mass and incidental
P compbunds results in a feedback of . ‘Q )
lysed P to the water at rates governed III Phosphorus terminology is cOmmonly P
by the type of P and the environment. confused because of the interrelations among_
! Aquatic metabolic kinetics show marked biological, chemical, engineering, physical, +
influences of thi.s feedback. and analytical’ factors. .
3 - A ‘ Yo
A T . ,

CH. PHOS. 4¢,11.80, 4y .
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onxogica;ly. phosphulua may be .a.vailable
as a nutrient, symhesized into living mass,
stored in living or dead cells, agglomevyates;
or mineral complexes, or conveérted to *

degraded matecials, . oo

.
. ¥

Chemically, P existsTm several mir‘i‘eral .
and organic forms that may be converfed,
from one to another under favorable’
conditions. Analytical estimates are

baged upon physical or chemical techniques
necessary to convert various forms of ‘P
into ortho phosphates which-alone can be
quantitated in terms of¢he molybdenum
blue col‘\}imetrlc test. -

>
Engineering interest in phosphorus 1s
related to the prediction, tréatment, or
control -of aqueous systems to.favog
acceptable water quality objectives,
Phosphorus removal 15 associated with

solids removal. >
& ~

Solubility and temperature are major
physical factors in phosphorifs behawvior.
Soluble P is much more available than
insoluble P for chemical or biolagical
transformations and the rate of conversion
from one to another s strongly influericed
by temperature. '

Table 1 includes a clagsification of the
four main types of chemical P and some
of the relationships controlling solubility

f each group. It 18 apparent that no
clear-cut gseparation can e made On a
solubility basis as molecuiar\weight
gubstituent and other factors affect
solubility.

:
W’
'

Table 2 inclides a scheme of analytical
di“erentiatiOn of various forms of P

based upon
*x .

"1 The technique required %Onvert an

unknown variety of phosphorus intg

ortho P, which.is the®only one quanti-
tated by the colorimetric test..

2 Solubihty characteristics of ih€ sample
P or more prectsely the means required

to clarify the sample. .
h ]

a Any clarification method is subject
to ingomplete geparation. Therefore,
1t is essential to specify the method
used to interpret the yield factor of
the separation technique. The
degree of geparatign of solubles
and wnsgolubles will be significantly
different for:

1 Membrane filter Separation

£ (0.5 micrometer pore s1zé)
T .
L] \\ ‘ []
2 Centrifugation (at some specified
" rpm and time)
. 3 Paper filtration (Speciiy paper
identification)
. %
¢ 4 Subsidence (specify time and
. conditions)
ol

A
G Analytical separations {Table 2} like those
in Table 1, do not glve a preciSe separa-
tion of the various forms of P which may
be included quantitatively with ortho or
poly P. Conversely some of the poly and
+ organic P will be inclided with ortho P uf
they have peen partially hydrolyzed
uring sgorage or analysis. Insolubles
‘}Sy Mkewise be included as a result of

\separatiOn and analyncal condmons.

.

1’ The separatiOn methods provide an
operational type of deﬂnitiOn adequate
in most situations if the "aperation”
is known. Table 2 indicates the nature
of incidental P that thay appear alffng
with the type sought,
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"N\ . Table 1
PHOSPHORUS, COMPOUNDS CLASSIFIED BY
CHEMICAL AND SOLUBILITY RELATIONS

-

(n

(N

Form Water Soluble Insoluble
1, Ortho phosphates Combined with monovalent . Combined with multi
-3 cations such as Hf NafK,*NH* valent cations such
(P04) . 4 $2 43 43
. / ag Ca Al "Fe
2, 'Poly"'{)hosphates as in 1 above \ (2) as in } above
(P.00), -4(P o )-5(P o )-3 Incteasing dehydration (b) mult1 P polyphosphates
2717 3710 3°8 ’ (high mol. wt.) n-
decreases solubility " "
and others depending upon cluding the 'glassy
the degree of dehydration. phosphates
3. Organic phosphorus (2) certain chemicals (2) certain chemicals :
, R-P, R-P-R (2) (b) degragation products (b) cell mass, may be
(unusually varied nature) (c) enzyme P colloidal or agglom -
(d) phosphorylated nutrients erated
. (c) soluble P sorbed by .
. wsoluble residues
4. ¢ (a) as in I above (a) as in 1 above

Mineral phosphorus <

-

(b) 28 in 2 abovd

(c) geological P such as
phosphosilicatés

(d) certain mineral com-
plexes.

iy

(1) Used in reference to predominance under cdmmon conditions.,

~3

)
}
i
! £
!

‘(2) R represents an organic radlical, Prepresents P, PO‘, or its derivatives.

b

\ ’ R
2 Total P in Table 2 includes liquid and ,
sepagated residue P that may exist in

the whole sample includl silt, organic
sludge, or hydrosofls: This recognizes

'
. R’ L]

»

tha} the feedback of goluble P from
deposited or suspended material has )
real effect upon the kinetics of the
aqueous environment.

[ ALY
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Tab'le 2
' H
. ;
* PHOSPHORUS MPOUNDS CLASSIFIED BY ),
. ANALYTICAL METHODOLOGY *
Desired P Comppuaents Techmque“) Incidental P lncluded‘z) e
\ .
1. Ortho phosph:itea No treatment on clear . Easily hydrolyzed ‘
4 samples (a) poly phosphates -
' . ' {b) organic -P, -
} r: . .- / {c) Mineral -P, + or -
2.] Polyphogphates ~ actd hydrolysis on clear ) {a) ortho-pP +
(2)~(1) = poly P samples, dilute ) {b) organic -P +or -
hydrolyzable) {a) H2504 {c) mineral -P + or -
\ ‘ {
{b) HC1 . .
heated ' . ‘
3. Organic phosphorus acid + oxidizing hydrolysis (ayortho P  + |
(3)-(2) +org P on whole sample. diluté (b) poly P + ‘
(hydrolyzable) (a) H, SO . HNO {c) mineral P+ or -
L3
(b)HSO +(NH)so _ ‘
, 92%% ¢ L
. heated
o L
4. Soluble phosphorus clarifted lquid following -generaMly includes ' .
(preferably classified y filtration, centrifugation' (a) 1, 2,0r 3 . . " |
?y clarification method) or subsidence . ) '
. . . {b) particulates not A |
- . . completely geparated
- - - |
5. Insoluble phosphorus °  Retained residues separated (a) generally includes
(residue from clari~ . during clarification sorbed or complexed
* fication) : See (6) . solubles. ,
- rd
6. Total phosphorus Strong acid + oxidant all components in
. digestion 1, 2,7, 4, 5 inthe
b (a) H,50, + HNO, whole sample ‘/)
+ ' y !
] (b) HzSO4 HNO3 + H§3104 )
+
i ' {c) H202 lMg(NOS)z fusion ,
“ (1) Determinative step by ]Shospho molybdate colorimetric method.
r.
! (2) Coding: + quantitative yiqld , '
- a small fractioq of the amount present
! +or - depegi? upon the individual chemical and sample history . ’

4‘ . 7.8 }
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wi 1
1v  Polyphdsphates are of major interest 1n
cleaning agent formulation, as dispersants,
and for corrgsion centrol.

A They age prepared by dehydration of ortho
phosphates 1o form products having two or
re phosphate derivatives per molecule,

¥

:

I The sumplest polyphosphate may be
prepared as follows:

Na0 ' NaQ -
s -
HOAP -0, \o...*'
. eat, P =0
. / + H,O
. 2
= 0 O

o7
T

.NaO . \

mono sodium ortho
phosphate (2)

disodium dihydrogen
polyphosphate

"
2

2 The general form tor producing
polyphosphates {rom mono substituted
orthophosphates 1s

. heat
n (I\GHZPO_}) 300-4970

»

3 Dr-substituted ortho phosphates or

mixwres of substituted ortho phosphates

lead to other.{)olyphosphates
. v

]

\ . !
» .
:-u?nm‘ . cNaHzPﬂ' hea > N.,’:',om . 3H20
ROOiut By Croger | 0 BRI -y perabofiul ¢ watep
GEANG e o X hylrogen Ty phowptdte

TR R e

\_ »

]
+ 4 The'polyphosphate series usually
- ¢cansist of the polyphosphate anlon.,
with a negative chargj of 2105,

'} /Hydrogen or metals ¢ymmonly occupy
these¢ sites. The polyphosphate ¢an pe
furthgr dehydrated by heat ag long as
hy%remams. Ih or trivaient

¢ cations rnerally produte a more

" * = -

(NaPO,) +n ffzo

L4

insoluble polyphosphate than the same
catiqn in the form_of insoluble ortho
phosphate. Insolubility mncreases with
the'number of P atoms 1n the
polyphosphate. The "glassy’ poly-
rphosphates are a special group with
lim{ited solubility that are used to zid
cOrrosion resistance 1n pipe disiribu-
tion systems and sumpilar uses.

Polyphgsphates tend to hydrolyze or

"revert” to the ortho P form by addition

of water, This occurs whenever

polyphosphates are found in the afjueous

environment.,

i ThE‘/mdjO!‘ factors affecting the rate of
reversion of poly to orthophosphates
include

.

a) Temperature, mncreased T increases
rate '

.b) pH, lower pH increases rate
¢) Enzymes, hydrolase enzymes
Increase rate
~

d) Colloidal gels, increase rate *

e} Complexing catlons and 10n1¢
’concemrdtxon imcrease rate
L
f) Concerg'ratton of the polyphosphate
increafes rate

. - -

-2 Items a, b and ¢ have a large effect

upon reversiograte compared with
other factors listed. The actual
reversion rate 15 a combination of
hgted items and other conditions or
characteristics,

3 The dlﬁe?ences among ortho and ortho
+ polyphosph&t’es commonly are ¢lose to
experimental error bf the colorimetric
test in stabilized surface water samples.
A significant difference generally
indicates that the sample was obtalned
relatively close to a source of poly-
phosphates and was promptly analyzed.
This implies that the reversion rate of
polyphosphates 1s much higher than
generally believed.

E l C ) ' r
3 '
PAruntext provided by eric |
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"V SAMPLING AND PRESERVATION
TECHNIQUES

<

A Sampling

. 1 Great care should be exercised to
exclude any benthic deposits from
water samples,

Containers.should be cleaned in the
B ame manner as hbw}are (see VI, B.1.
. below), .

Certa.inr‘plastic containers may bé
Haed. Possible adsorption of low con=
o centrations of phosphorus should be
checked.

4 I a differentiation of phosphorus forms
18 to be made®filtration should be
carried out immediately upon sample
collection, A membrane filter of
0.45um pore size is recomn:xended for

reproducible gseparations.
B Pregervation

e } U at all posgsible, samples should be
analyzed on the day of collection. At
best, preservation measures only
retard possible changes in the sample.

a Possible physical changes include .
solubilization, precipitation,
s absorption on or desorption from
v suspended matter.

b Possible chemical changes include
reversion of poly to ortho P.and
> decomposition of organic or min-
o eral P,

¢ Possible biclogical changes
. include microbial decomposition
of organic P and algal or
bacterial growth.forming organic P.

-

2 If 1t is~imposaible to do total phos-
- phorus determinations on the day of
collection, refrigerate at 4*C and
add.2 ml concentrated H SO, per
liter. . Limit of holding for samples:
thus preser:ed is 24 hours. (6)

\ /
Q 11-% . ' . ;' .

.

i

a' Refrigeration decreast hydro)] ys18
and reaction rates and also losses *°
due tb volatilaty.

b Sulfuric acid Limits .b:olt.)gxcal
changes.

¢ Mercuric chloride also limits
biologxcal changes, but interferes
with the analytical procedure if
the chioride level 15 less than 50 mg
Cl/liter. (See VI B. 2. below). .
Disposal of mercury-containing
test wastes also adds time to the
procedure.

3 Consult the EPA Methods Manual(6)
for preservation measures applicable
to samples collected to determne

various fractions of phosphorus.
¢

THE EPA ANALYTICAL_PROCEDURE‘G)

This 18 a colorimetric determination,

specific for orthophosphate, Depending

on the nature of the sample and on the

type ofg@iata sought, the procedure in- *
volves two genaral poperations:

-

1  Conversion of phosphoruxg‘ forms to
soluble orthophosphate (See Fig 1) ’

a  sulfuric acid-hydrolysis for %
polyphosphates, and some .
organit P compounds.

{
b - persulfate digestion for orgamc
_ P compounds. : '

2 The color determination involve
reac‘ti.ng dilute solutions of phosphoTtg
with ammonium molybdate and .
potassium‘dntimonyl tartrate 1n an

+ acid medium to form an antimony-
phgsphomolybdate complex. This
cdinplex is reduced to an intensely
blue~colored complex by ascorbic
acid. The color is prdportional to
the orthophosphate coilcentration.

Color absgorbance is measured at ¢
880 nm or 650nm anda concentration
valugobtained using a gstandard curve.

Reagent preparation and the detailed
procedurg can be found in the EPA’
manual.

The methods described there are
usable in the 0.01 to 0.5 mg/hter ’

hosphorus range. This range can
be extended by dilution of samples.
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. 2
. Total Sesple (Mo Filtzation) '
SaeLl \L
Ui pect Hy59, Persulfate
Colofimelry Hrdrolysis | . Digestion
2 h Calozimes? s tioinrinetry
P 4 Toul Total Hydrolyzadie 1dizstle OF ganic
Orthophosphate t Orthophosphate & Orthophoaphate
¥
. . 1 FMRer o 45 micrometer Membrane Filter
N f
—— (S
. h
Resrdue Faltrate f N
» 2
Larect II;-O‘ Persulfate
Colorimetry #rdrolysis & Drgestuion ¢
Colornmetpy” /Calor:nﬂry *
Soluble Scluble Hydrolyzabld | Totl Saluble
Orthomhosphate ? Orthophosphale Prosphorus ’ <
SOPgAn S polyphosphate WOOPZAniC *
phosphorus * 30mMe OFgaAnic oxidizable organa ~
COHmpiandy phrsphorus phosphorus
. enmpounds compounds
[ FIGE RE )
ANALY TICAL 5CHEME FOR DI FERENTIATION OF PHOSPIOR! S FORA, i
k ( . =
» - 3 oy
idterferences 3 ‘The total phosphorus procedure requires

1

Erroneous results from, contamunated
glassware 18 avoided by cleaning 1t
with hot 1.1 HC1, treating it with
procedure reagents and rinsings yith
distilled water. Preferably this
glassware should be used only for the
determination of phosphorus and pré-
tected from dust during storage.’
Commercial detergents shdxld never
be used.

Low total phosphorus values have . .C-

¢

been reported because of possible | |

adsorption of phosphorus’on iron,

aluminum, mangahese or other metal -
precipitates formed In wastewater
samples.

c L]

a After digesuon‘ adjust the pH of the
sample t6 7.0 + 0.2 with IN NaOH
using a pH meter. If sample is not
clear, add 2-3 drops 1IN H ,S0 ‘\s
and filter.

b Filter through phosphorus-free
0.45 micrometer pore size celluloge
filter.” See Standard Methods, (7) -
page lﬁ&bout washing filters before
use. since the discs can introduce
significant phosphorus contamination.

. N ';19;

Precision and Accuragcy
I ’

-0, 110, 0.132, 0.772,

a pH adjustment with a pH meter. Buffers
made with phosphates are used to calibrate
the meter 1n the applicable range. The
meter electrodes must be, thoroughly flushed

free of buffer before thei: use with phos-
phorus test solutions. Otherwise, signifieant
phosphomg contamination will result.

Others have reported mtert‘erence from
arsenic, arsenates, chlorine, chromum,
gulfides, mtrite, tannins, ligmn and other
mynerals and organics atmgh concentrations.

(6}

/

1 Organic phosphafe - 33 analysts in

19 laboratories afialyzed natural
water samples contaning exact 1n-
crements of organic phosphate of |
and 0. 882.mg
P/liter.

Standard deviations obtained were
0.033, 0,051, 0.130 and 0, 128
respectively.

Accuracy results as bias, mg P/hter
were. +0.003, +0.016, +0,023 and *
- 0.008, respectively. .

2 COrthophosphate was determined by

26 analysts in 16 laboratories using
samples containing orthophosphate
1n amounts of 0.028, 0.038, 0.335
and 0, 383 mg P/liter.

Standard Heviations obtained were -~
0.010, 0,008, 0.018 and 0. 023 respectively.

1-7
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Accuracy results as bias, mg P/Uter
were -0.001, -0,002, -0.009 and .
-0. 007 respectively,

D Automated Methods

~

The EPA Manual also contains a procedure

for the automated colorimetry method using
N ascorbic acid as thé reducing agent.

%4

" VI VARIABLES IN THE COLORIMETRIC

PROCEDURE

-

° Several important variables affect ’\ ’
formation of the yellow heteropoly

acld and its reduced form, molybdenum
blue, in the color_lmetric test for P.

A Acid Concentration during color develop-
ment is critical. Figure 2 shows that
color-will appear {n a sample containing
no phogphate if the acid concentration
is low. Interfering color ig negligible
when the normality with respect to-
}«12804 approaches 0.4,

! Acid normality during color develop-
. = ment of 0.3 to glightly more than
0.4 is feasible for use. It is prefer-
g able to control acidity carefully and
to seek a normality cloger to the
higher limits of the acceptable range.

2 It is essential to add the acid and
molybdate as one solution,

3 The aliquot of sample must bé
neutralized prior to adding the
color reagent.

ABSORBANCE

10

03

0f .02 03 04 05 06
H2504 NORMALITY

. Figl.u'e 2 o

0-PHOSPHATE COLOR
. " " VS ACIDIfTY

.
-

B Cholce of Reductant - Reagent stability,

. etfective reduction and freedom from

deleterious gide effects are the bases
for reductant gelection. Several re-

* ductants have been uged effectively.

Ascorbic acid reduction is highly
effective In both marine and fresh water,

+ It i3 the reductant specified in the

manual NPDES procedure,

Temperature affects the rate of color
formation. Blank, standards; and
samples must be adjusted to the same
temperature (f 19C),’ (preferably room
temperature), before addition of the !
acid molybdate rgagctn’t.

Time fo» Color Development must be
specified and consistent. After addition -
-of reductant, the blue color develops
rapidly for 10 minutes then fades grad-
ually aftéf 12 minutes, 5.
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. VII DETERMINATION OF TOTAL v

‘"

A

PHOSPHORUS

Determination of total phosphorus
#content requires the acid-hydrolyais
d persulfate treatments to convert
all phosphorus forms to the test-
sensitive orthophosphate form.

Determining total phosphorus content

ylelds the most meaningful data since

the various forms of phosphorus may

change from one form to amother in a

short period of time. (See part Vv, Bl)
AY

'
LN

DEVELOPMENT OF A STANDARD
PROCEDURE .

hosphorus analysis received intensive
i
m¥thods 18 more difficult than changing
technique,

;r L] -

Part of-the problemyin methods arose
because of changes in analytical objectives
such as*

I Methods suitable to gather .gurvey
information may not be adequate for
"standards". ’

Methods acceptable for watér are not—/
necessarily effective in the presencg
of gignificant mineral and organic
interference characteristic of hydro«
solls, marine samples, organic
sltldges and benthic deposits.

*\ PR
Interest has been centered on "fresh"
water. It was essential to extq.nd them
for marine waters.

estigation, cecofdination and validation of
-

. - “a

4 Instrumentation and automation have
required adaptation of methodology.

B Analysts have tended to work on their own
special problemns. If the method

apparenily serv&zﬁ}he’r situations, it was \ ,,

used. Each has a "favorite” scheme that
may be quite effective but progress
toward widespread application of "one"
method has been slow. Consequently,
many methods are available. Reagent
ac!dity. Mo content, reductant and
separation techniques are the major K
variables. - - .
C The persulfate digestion and single reagent
(ascorbic acid) method described n VI
above 15 the obly method curkently
listed 1 the Federal Register "List of
Approved Procedures" for NPDES*
requirements.
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. CONTROL OF ?N__TERFERIB}G IONS IN FLUORIDE DETERMINATIONS ’ !
. - . . " .n. ! » . - R ) -
- ! * 9 > » * . . . , .
. I The princxpal gource of ggror 1n fluoride II Whenever the quantity of interfering ions ¢
analysis‘m g.:.hre presence of interfering ions, in the water s sufficlent to cause an error of
18 is pagticularly true in the colorimetric 0.1 mg/L fluoride or more, or Whenever the,
hmethods as can be see\from Table I which analysis 18 unknown, these mterf'erences must
. 1istg some ions commonly found in water and be removed or their effects dammﬁfhbd by one
thes aﬂect on the Standaryd Methods fluoride ‘of the following meghods. ‘
apalyses, PEE .
. - A. 1f the, interferences are knawn to"Be~caused '
_A.In color:metrlc analysis,one of the . ..by chemicals added during treatment in the
. mechanisms by _which thesdions cause wafer plant, they may sometimes be avoided
+,~ error is the charging of the Yeaction rate, by appropriate selection of a sampling
-, .7 .Since the determination’is taSed on color point within the plant, .
: development vdriations in reaction rate e
- cause va€iatidnaein ﬂuoride reading, J B, In"some cases the water sample can be
. . Jdiluted to bring the level of an integfering
C B Some lons complex with eitlier fMNorlde, ) ion below the critical point. This procedure
in all methods, or with zirconium, in the . - 19 applicgble only when the fldoride level is
C . colorimetric methods. When fluoride s sufficiently high to permut accurate analys.s
t complexed, low results are obtained, . ' on the diluted samplé, © o, Lt
. and when zirconium 18 complexed, the
] mten.szty ofgolor 15 alter,ed’ Y Cs %erf’the identity of Qie. interfer: g'tgn IS
. known, 1t may be possible to sefect an
R C Chlorme bleaches out the colors of'dyes, analytical metiod which has adequate
. * and must,always be removed before the tolerance for that ion, *
sample can be analyz@ colorimetrically. - .. " .
s, ) * o . N .
g LA : 7 \
. S v PR
* - ( . » " A N M .
SN . . ¢ 'TABLEJ. INTERFERENCES . . . ‘-
. ) -» Qoncentration of Substance, in mgfL, Reqmred to - S '
PR - - F Cause an Error of Plus oﬂMinus 0.1mg/lLat - - . B
. L S o . I. amglt’, ) : R . ] -
’ L4k ¢ ’ .ot * .. ‘ ' . _,:. ) : .
S . - . R UL ‘ . -
~ ) a* > - - ; *
. . T e S DNS- -. Electrode . *
: \ L LY NS gk T
L Alkalinity . oy 5,000 (<) 2 7, 00 (+) ’ .
- * .. - . . " * -
T, Aluminum . . 0.1,k 3.0 (-) : .
- " -, Chloride T T 7,000 (4 " 20,000 (-) oo e
. - . L . R o ’
A . ron v . 10T T 2000
' . . : L S . . .
... Hexametaphosphate *: v, 1.0 (#) . ’'»50,000, ~ ~ » ] ) _‘-
1 - : b . \PhOBPhlte . ) 16 (-I-) )50, 000 . . L
RN Sulfaté " 2004 50,000 (-). ' '
. Chlorine |, . ¢ Must Be Completaly .. . ' ' & A
- ) Removed With Araenite >.5,000 '
. . Color & Turbidity Must Be Removedar » g8+ ° ca, ‘
‘ q Compensated For., LT, o
Ve .F s for meediate Reading. Allowed to Stand Two Hours T
- e ig 3,0 mBIL. .Foun Hour Tolerance is 30img/L, - T, *
o . [] i .*
\ L . . . B , \ , v . & R
- cn rmr,.r. 34;:.11.86 ' - PN 121 - .
KC . ‘8 2 . ‘ e
r A :’ﬂ .* . o v .. E N .~ -
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Control of Interfering lons tn Fluoride Determinations . I
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- . N Iy € .
I, - . . ' .
D When the composition,of the unﬂuorm 3 Continue heating until the temperature
water t3 known and cgnstanh-equtvalem ‘ ‘- reaches 180°C. Discard this distillate;
quantities of interfering ions can be added . Since it contains traces of fluoride from:
to the fluoride standards, thereby neutral- the acid and.glassware. This prelim-
1zing the effect of those ions. ) . inary procedure also servestoad)ust the
P . acid-water ratio for subsequent distillations,
E iIn all other cases the water 8ample must " g ! ’ : s
be distilled. As can be seen from Table I, . 4 Allow the fluk 0.co0! until the temper-
distdlation will seldom be necessary when | 'ature drops to 120° C or lower. Measure
* the electrode method 1s ued. . out a 300-m! sample and add it to the
, * . ) flask, Mix thoroughly. .
v - . s
il %he principle of the distillation process 5 Disti]l as before unti! the temperature
18 the conversiorf of fluoride to the volatile reaches 180°C, Retain the distillate
acid, H9SFg, in the presence of sulfuric {there should be 300 m) for colorimetric
acid and silwea (glass beads). The fluosilicic determinations. .
acid distills over, leaving most of the inter- . . \/
fering 1ons behind. R D The distillation prosgse must be carried, °
out very carefully, since there are )
he gpparatus used is illustrated in several possible sources of difficulty.
-° gure 1. It consists of a distillation .
flask, connecting tube and condenser. For 1 .The flame under the distillation flask
convenience, apparatus with ground-glass must never touch the sides of the flask
joints 18 used, but a sumpter arrangement . above the hiquid level. Superheating
using rubber stoppers is satisfactory of the vapor results in high sulfate
{Figure 2), - .t #carryover which causes a sulfate inter-
. s, ] > . , _ference,
B The critical features of the apparatus gre - . .
the diameter of the connecting tube, the . 2 Allstopperand joinis must fit tightl}
-ymmersion of the thermometer, and fit of . to prevent loss of fluoride.
ppers and/or ground-glass )oints, L. .
AN . .. 3 Flask contents must be thoreughly .
1 The diameter of the connecting tube . mrxed to prevent bumping. - a
must be large enough to preclude the . ' Y = . .o
carryover of bubbles, ' 4 Dastillation must be stopped when the
L ) ’ . *  temperature regches 180°C, Higher
2 The thermometer must be positioned low temperatureg result in gxceBsive
enough so that 1t wnl}‘always be immersed, sulfate carrjover.®
3 Stoppers and joints must be tight enough 5 Silver sulfate, at' the ratio of 5 mg/mg
to prevent the loss of fluoride-containing of Cl, should be added when bggh-chloride
vapor, * . : . samples are distilled. The‘presence of
e ! : . . silver inhibits the volatrlization of HCY
C The Dnstiﬁatmn Procedure 18 Carried ' which, in sufficient quantity, &ould .
° Out as Follows- interfere with the fluoridegdeterm{natién.
1 Prepare the still by placing 400 m!} dis- € When high-fluoride s?mples dre dnthled, .
tilled water, some glass beads and then . repeat the distillation using 300 ml of .
200 ml concentrated acid inghe flask, distilled water. Analys.s of the distillate )
Add the acid slbwly and stir thoroughly. will indicate how tomplete the fluoride
After all the acid has been’added, stir * recovery was. If substantial amounts
again until the mixture i8 homogeneous. - of flyoride appear in the second distillate,
. Ny add the quantity to that obtained imtially
. and flughf again. Quantities of less than

"2 .Connect the apparatus @8 shown inthe _ __
v drawing, start water through the cons
denser and begin heating slowly, If . 7
bumping occdls, the acid and water have
* not been rhixed sufficiently, When .
boiling starts, heating may be increased.

0.1 mgf{L F (0.02 mg) may be-disregarded.

Because of the simplicity of apparatus and
. procedure, the distillation procedure ¢an
be readily automated. Modifications r-
clude magnetic stirring and a therrhostat 4
\ which turns off a-quartz heating mantle .
; when the correct temperafure has been :
- . . reached. et

. 5 .

s RN _ .- —_—— — A - — ' S nk S reeem
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IV COMPLIANCE METHODQLOGY
A

This outline was prepared by Dr. E. Bellack,

A NPDES/Certifications yo Office of Water Sypply, EPA, Washington, D.C.
o * Manual distillation is nct \iﬂu‘eé it . ' - \ ‘
comparability data on représentative ) X - :
. effluent samples areton company file * y LY

to'ghow that this préliminary distilla~’
tion step is not necessary. However, L .
manual distillation will be required . Descamptors Analysis., Chemucal Analysis,
to regolve any controversies. Fluoridation. Fluorides., Fluorine, Water
‘ Analysis.

-~

. [Either an 10n electrode or the SPADNS
. method may be used for the fluoride
determination. The automated complexone
method i8 also approved. e ) .

¢

A

B Drinking Water \ . AR

The fon electrode. the SPADNS.. the auto-
. mated camplexone and the erfochrome

cyanine R methods are all approved for

drinking water samples. .

A

-

—_ Preliminary distillation is required for .

7 the SPADNS and the eriochrome cyanine R L.

— —— 7~ methods, "Itisganintegralpartofthe ——m ——— —. - -
automated complexone method. Distillation”
is not required if the fon electrode is used
for drinking water samples. \ >

. BTN '
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L} OWHM. Water Supply Division, Wash, ..

Y:. 20460, 1972, | / s
. >
- 28 ngard Methods for the Examination of ’

Water and Wutg{val\r. APHA, 14th ed,,
p. 389. 1975, . B v

3 Bellack, E? Simplified Fluoride Distillation
Method. JAWWA 50:530. 1958,
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. , * . AMMONIA, NITRITES AND NITRATES .

Q-' ' ! - ‘.

. The presence of large quantities

w . ) VR indicates a source Qf wastewater
! * SOURCES AND SIGNIFICANCE OF <~ ltuton. ‘ ;
AMMONIA, NITRITES AND NITRATES ) N ]
IN WATER . C Nitgates . .’ .

The natura! occurrence of mtrogencom- *

- L]
1 Qccurrence

pounds i3 best demonstrated by the mtrogen M . g
. cycle (Fxgure . Nitrate formers convert mtrites
."under aerobic conditions to nitrates
A Ammoma T . {nitrobacter). During electrical
: : storms. large amounts of nitrogen —
1 -Occurrence ' (N3) are oxidized to form mtrated,
. . Finally. nitrates can be found in
Ammona {5 a product of the micro- fertilizers.
. biological decay of animal andplant & £ ‘ .
protein. Inturn, it can be used 2 Sigmfiicance ) ) .
~ " directly to produce plant protein, ! : .
. Many fernlxzers/'comam amn}onia. Nitratgs in water usually indicate
' the final stages of bological sta-
. 2 Sigmficancg / bilization. Nitrate rich effluents o

The Jpresence of ammonia mitrogen

In raw surface waters mhight indicate 2=

% domestic pollution. Its presencedn
waters used for drinking purposes
T may.require the additiod of large,
LS amounts af chlorme in order to
produce a {ree chlorine residual,
The chlorine will first react with
ammonia to form chloramings be-
fore it exerts its full bactertcidal
effects (free chlorine restdual).

B - Nitrites L :

L

J . L

1 ‘Occurrence "t s

. -— e ‘i
Nitrite nitrogen occurs Ig frater
as an intermediate stage {4 the

- biological decomposition oferganic

e’ Bacterial reduction of nitrates ¢an
also produce nitrites under anaeto-

- bic conditions., Nitrite i8 used as
a corrosion inhibitor in industrial
prosess water

-

-2 Significance .

Nitrites are usually not found in
surface water to a great extent.
[}

.
1 . [
- =

£, 6h. 11. 80, .- o

discharging into receiving waters
can, under proper environmental
conditions, cause stress to stream
quality by producing algal blooms. . o
Drinking water containing exces-
sive amounts of nitrates can cause

. infant methemoglobl_nemxa. .

[

Powm - nn

»

I, PRESERVATION OF A\lM?NIA MTRATE
AND NITRITE SAMPLES(

A If the sample 18 to be analyzed for Ammonia,
Nitrate or Nittite, cool to 4°C and analyze -
* within 24 hours {48 hours for nitrite). .

B For Ammonia or Nitfate plus Nitrite, the hme
can be extended by lowering the sample pH to
less than 2 by the addition of concentrated

nitrogen N£t|rite {formers (nitro- N sulfuric acid and storwng at 4°C. (2 ml of acid
somonas) conveft ammonta under per liter is usually sufficient. Check with .t
aerobic conditions tonitrites.” The pH paper).

]
‘ v

C Mercunc chloride 18 eftective as a preserv}uve,
ith use 18 dxscouraged because:
* ¥
1- The—ug—fcn interferes with sgme of tne
mtrogen tests,

-

]

2 /The Hg presents a dlspésal problem.

]

(.3
D Even when ' preserved ¢+ conversion {rom one
nitrogen form to another may occur. Sariples
shabld be analyzed,as soon as possible,

131~
4 r ' —_ -
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. Ammonia, Nitrites and Nitrates

‘ =ateam distillable, the wnterference
* 1l DETERMINATION OF AMMONIA ‘ may be,gliminated 1n the distillation
. ) method, . ’ .

* » " K4

A~ . Nesslerization ‘

) : ) d . Many organic and morganic compounds
1., Reaction E ) ) cduse a turbidity wnterference 1n this
) colorimetric test, Therefore direat

1
Nessler's reagent, a strong . nesslerization 18 not a recognized

3 . alkaline soluticnof potagsium . method. The following distillation
mercuric todide, combines edure i8 a required, prelimunary
. with NH3 1n alkahne solution fr:ctmeni .
. to form a yellowish brown rea * s -
| .cdlloidal dispersion. B Distiliation 6, T. 8) ‘ .
» . ]
+ #o _—
2KaHgly * NHj ..;‘.KOH K ' 1 Reaction .
=" . . . .
\ /I \ T . @ The sample 18 distilled in
Hg R . 4 . the prgsence of a boratg
. \O + KT + 2 . buffer at pH 9.5
’ » v " »
Hg” . . . . A . ‘
. : KNH ' " NHy +———»NH; + HY
. 2 - - ~ ) B 4
How-Br' ’ !
"~ Yellow-Brown . ] . Ht + Nay B4O4 — pH 5.5 mawmtained K
. The intenaity of the color T Buffer _ _ . ' N
= = {ollowsthe Beer-LimberiLaw oo e T -
and exhibitse maximunt abgorp- ~ . R v - ’
: - tion at 425 nm. \ -
- b The ammonia 1n the dis- .
2 InteMferences : . & . tillateigthen measured by - y
. . RN e either of tiwo techniques.
}\ 2  Nessler's ‘reagent fofmg . . . ‘\
. a preclpitate with some . ’ 1) Nesslerization igugsel -
fons (e.g., Ca*t, Mg*t, | , , fortsamples cogtaimng *
. . Fe**, and S*). These * . " ¢ _lessthan 1 mgflof
' - {ons canbe eliminated in ' ammonia nitrogen. (&> 7, 8)
pretreatment flocculation ‘ . .
< - gtep with zinc sulfate and T . 2) Absorptiondf NHa by . .
alkalf. Algo," EDTA or - -* « ' + boric acld and back ti-
Rochelle salt solution pres o tration with a standard . *
vents precipitation with . ' strongeacid is nore
' Ca*t or Mgtt, * . suitable for samples
) R ot ' containing more than .
b Residualchlorine indicates | LT 1 mg NHz—~N/1(6, 1, 8)
) . . ammonla maybe present - . .
¢ lntheforn?of‘chloramkms. lﬁ " ) "
The addition of godium thio- 3 *HBQy ——— NH;* + BO,
A . sulfate will convert thesex ’ ,
N l' » - -
chloramines to ammonia, . L - BO," + ut Methx;l Red HBO, .
o ¢ Certain organics may a . x .
produce an off color with ’ . Methylene Blue . .
v o~ Nessler's reagent, 1f * 'pH 1.8+ 8,0 pH 6.8- 7.0 Tt

+ L]

"¢+, _ these compounds are not ) Green Purple - .
r"}
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2 Interferences . membrane and alters the pH of the
., nternal®solution, which 1§ sensed by
a Cynate may hydrolyze, even|at ¢ a pH electrode. The constant level of .
w PH®SS . chloride n the internal solution 18
) sensed by.a chloride selective 1on ' :

b Volatile organic® may come oyer in & ' electrode which acts as the reference
the distillate, causing an off-¢olor electrode. o
for Nesslerization, Aliphatic\and ’ .
arordatic amines cause positive . . 2 Interferelh:eé ,ﬁ
mnterference by reacting in the acid . . . R

! _otitragon.  Some of these can be +_a Volatille amines are a positive
boiled off at pH 2 to 3 prior to . “interfgrence. .
distillation, p e

. : y o . , b Mercury forms a complex with -

¢ Residual chlorine must be rentoved ammoma $0' 1t should not be used
by pretreatment yith sodium s as a presgrvative. R

s thiosulfate, : ‘ . ‘e -
. +* 3 Precision and Aceuracy . ,

d If a mercury sait was used for , o
preservation, the mercury ion In a single laboritory (EPA) four surface
must be complexed with sodium water samples were analyzed contammg

* thiosulfate (0.2 g) prior to distil- the following amounts Qf ammonia .
lation. < nitrogen. .1.00, 0,77, 0,19, and 0.13 mg -

. NHs'N,hter-
3 Precision and—&ccuracy-m)——--w—-— -
a Premsmn N . .

'l\venty -four analysts in sixteen ) ! v

!aboratorles analyzed natural water v " The standard deviations were 0.038,

.samples containing the following 0,317, 0,007, and 0.003 mg

amounts of ammoma nitrogen: . *+i NHsz-N/liter, respectively,

0.21, 0.28, 1.71, and £,92 mg Lo . . . . ’

,NH:;-W!lter:. ’ . .- . b Accuracy ’ t

r} + . - N N ¢

a Precigon ’ ' The % recovery on the 0. {9 and 0. 13

concentwations was 96% and 91%
*  The standard deviation was: 0, 22, respectively, .
0,890, 0,244, and 0.279 mg" N ‘ £
. NHa-N/liter, respectively.”, - D - NPFPES Ammonia Met%odology -
b Aecuracy ., ) Manua.l distillation is nbt required if compara-
' bmty data on eprest?mauve ef{fluent samples
Thugs was- -0.01, 0,05, \;Z are on ¢o y file to show that this prelimin-
+0.01, and 20,04 mg NH3-N/lit¢r, ary distillation 1ot necessary. However,
respectively. . . manual distillation be required to, resolve
X . <3 6 § .o any controversies. to
C.8electivip lon Electrode .
. . ) . Nesslerization, titration, and the seleédtive fon
‘ i+ “Principle L, . electrode are all recogniz¢d methods. The |
', . v automated phenolate, method 18 also cited.
' . A hydrophobic, gas-permeable mem- . ;
. brane is used to Aeparate the'sample IV DETERMINATION OF NITRITE )

solution ftom an ammontum ch orlde v . 6 ’ - 7.

-intérnal solution. The'ammonta in A Diazotination!S: 8) e '

- «—=~ the sample diffuses throygh the : * « ‘% Reaction . .
- . '
' ‘ . . . 9 l "o Under acid conditions, nitrite ions
f . . Yreact wuh sWfanilic acid to form
. . diazo compound. , N

. - LN}

— ekt .o i o an i
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¢/ / Ammonia, Nitrites and Nitrates

»

b The diazo ¢dmpound then couples
with ¢ - naphthylamigt® to form an
intense red azo dye which exhibits
maximum absorption at 540 nm.

7¢+ Diazotizatlon of Sulfanilamide -

!

Nee—e N’

503}{ . 2 .,
intense red azo dye

2 Interferences

a' There are very few known inter= -
ferences at concentrations less
' than 1000 times that of nltr}te. .
. v [ *
b- High alkalinity (greater than
600 mg/liter) wifl give low reaultn
duetoa shllt in pH.

L]
¢ Strong oxidants or reductants in
the sample also give low results. ’
’ .
. . )
3 Pretlsion .

Cn a synthetic sample confaining

.70, 25 mg nltrite nitrogen/1, the ARS
Water Minerals Study (19§1) reported
145 vesults with a standard deviation
of + 0,029 mgfl.. -

. . L] .

B NBDES Nitrite Methodology

The colorimetric diazotization method,
elther manual or automated, 13 the only
one ¢lted in the Federal Registeg.

* »

”

DETERMINATION OF NITRATE

Brucine Sul.fate(s' 7. 8 .

1 Reactlon

Brucine sulfate reacts with nitfrate

in & .13N sulfuric acid solution to
form a “yellow complex which ex-
hibits maximum absorpuon at 410 nm.
Temperature control of the color
reactlon 18 extremely critical. The
reaction does not always follow
Beer's Law, However, a modifica~-
tion by Jepkins and Medsker(2) has
been developed. Condlitions are '
controlied in the reaction so that .
Beer’s Law 18 féllowed for concen-
trations from Q. 1.to 2 mg nitrate
Nllltem%ﬁaﬁ%n?k@:&-om

0. 1 to 1 mg NO,-N/liter.

2 Interlférences

'q'wgﬂtrltp ay react the same as
nitrate but can be ellminated

. by the additlon of sulfanilic acld

1 to the brucine reagent,

b Organle nitrogen compounde may
- hydrolyze and give posltive inter-
ference at low (leas than”t mg/l)
nitrate nitrogen concentrations.
A correction factor can be deter-
mined by running a duplicate of  *
the sample with all the reagents
except the brucine-sulfanilic geld.

¢ Resldual chlorine may be eliminated
by the addition of sodlum arsenite.

d* Strong oxidlzing or reduclng age"nu
interfere.

e The effect of salinity 8 eliminated

by addition of sodfum chloride to

the bldnks, standards and samples.

' ] 13"5




Ammonia, Nitrites and Nitrates

3 Precigion and Accuracy(®)

4 »

a Twenty-seven analysis in 15 lab~
oratories.analyzed 'natural -
. water samplég containing ther
following increments of inorganic
nitrate: 0,16, 0,19, 1,08 and
1. 24 mg N/lter.

-

—r

b Precision results as standard
deviation were 0.092. 0.083,
0.245. and 0.214 mg N/liter
respectively.
¢ Accuracy expressed as Blas was
. -0.01, +0.02, + 0,04 and + 0,04 .
. « . Mg Nfliter, respéctively. . .

B Cadmum Reduction{6. 8)

1 Reaction .

A non-turbid sample i8 passed through
2 column contdining granulated
copper=-cadmium to reduce nitrate
to nitrite.” The nitrite (that originally
present plus reduced nitrate) is deter-
mined by diazotizing with sulfanilamide
and coupling with N~{1-naphthyl)~
ethylenedlamine dithydrochloride to

. + form arr intensdy colored azo dye ’

which 18 meagured spectrophotometrically.

To obtain the value for only nitrate,
more of the non-turbid sample is tested
using the same colorimetric reaction
but without passing it through the re~
duction column. The resulting value
repréaents the nitrite originally present
in the samplg. Subtracting this nitrite

. value for the non-reduced sample from
the nitrate + nitrite value for the re-

. duced sample gives the value for nitrate
origl.pally present in the sample. ’

’ . .
2 %ﬂerences ) o
. . »

a Build-up of suspended fnatter in

the reduction column will restrict .

sample flow. Filtration of floc-.>

cuzﬂon with zinc sulfate s}'ld( '
ove turbidity. '

High cone¢enirations of irop.

copper or other metals may

interfere. EDTA is used to

complex these. é:

-
.

c Large concentrations of o1l and .
, grease in a sample can coat the
surface of the cadguum. Pre-
extracting the sample with an
organic solvent removes o1l and
. grease.

3 Precision and accuracy‘s’

rd
In 11 laboratories. three sam%
were analyzed contamm‘g the follow- "
ing amounts of mtrate nitrogen
0.05, 0.5, and 5 mg
NOy-N/liter, '

a2 Precision -

. L 3
The relative Standard deviation

was 96.4%. 25.6%. ‘and 9.2%, ° e
respectively.
b ' Accuracy v ‘RO

L4
The r}lative error was 47, 3%.
6 4% and 1.0%. respectively, .

4 Atxtomated cadmium reduction

Standard Methods'® and the EPA Methol
-Manuat{®) contain details for the auto4
mated’procedure.

Hydrazine Reduction
4
A method using hydrazine 1o reduce
nitrate to nitrite followed by ssbsequent
meastirement of nitfite by diazotization .
was reported by Fishman. ¢t al.
. .

The means o determine nitrate 18 the

gsame as above 1n the Cadmium Reduction
Method. Subtraction of nitrite (deter-
mined from non-reduceq skPhple) from

the total nitrite (reduced nitrate +

original nitrite) will @ive the originall -+ -

" nitrgte nitrogen concentration.

The procedure was abiapted to igf Auto
Analyzer by Kamphake, et al.
The method was revised In 1978 and
printed in the EPA Viethods Manugl(®)
H . o ,
. .

LR » %
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Ammonia, Nitrites and Nitrates
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) 3
D Compliande Nitrate Methodology ) 6 Standard Methods for the Examination of %
: . Water and Waste Water. APHA., AWWA.
1 NPDES/Certifications _ L *  WPCF. 14th Ed, 1976. )
The Federal Register lists the brucine ' .
. gulfate, cadmium reduction dnd auto- 7 ASTM Book of Standards, Part 31, 1975,
* mated cadmium reduction or hydrazine , v .
reduction methods, 8 Methods for Chemical Analysis of N
Water and Wastes, EFA-EMSL, .
2 Drinking Water Cincinnati, Ohio 45268, 1979. « o
" - * - .
The’Interiin Primary Drinking Water - .
Regulations; Amendments in the
August 27, 1980 Federal Register . : oo
page 57344 lists the brucine sulfate, ‘
cadmium reduction and automated /
cadmium reduction, and the automated .
hydrazine reduction methods as approved. This outline was prepared by B A
Check this Federal Regzister for a list Punghorst, forme)r Cpt?emist? and C. R.
of the approved gources of the procedure Feldmana, Chemist, and updatel-by A. D.
to be followed for each method. . Kroner, Chemist, National Training = d
.. Operaﬁonagechnology Center, MOTD,
. . - OWPO, USEPA, Cincinnati, Ohio 45268
, " - N |
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TESTING FOR SOLIDS IN WATER SAMPLES

I A i .
INTRODUCTION

This outline presegs the reasons why
solids determinations are important

to water quality improvement and a
discussion of the various tests to obtain
data for solids in water samples. ¢

‘SOLIDS AND WATER QUALITY

Waf‘er Quality and Health Significance

— e —

The presence of solida affects the
foXlowing:

Aesthetic quality of water

Aquatic life

Biological activity

Concentrdtion of organic materials
Palatibility of drinking water
Physiological reactions to drlnking
water,

L= B+ - P L

Wastewdter Treatment Plant (WW’FP)
Control Significance

Data obtained for solids is useful in

1

]:KCC 21,11, 80 . . ‘95

wll Toxt Provided by ERIC

determining:

Treatment requlrements

Flow rate and loading information
Effectiveness of treatment processes
Oxygen demand .
Qua]{lty of effluent !

N b O BN e

SAMPLE HANDLING

Containers -—

Use glass bottles or plastic containers
that resist adgorption of particles onto
walls.

Preservation ,

Use no presérvative. Cool' at gto
minimize midrobiological decomposition
of solids.

-

" of Pollutants".{)

-

, Holding¥(ime~Analyze as goon as

possible. Check about current
maximum holding time for regulatory
samples,

NATIONAL POLLUTANT DISCHARGE

"ELIMINATION SYSTEM (NFPDES)

SOLIDS TESTS:
The various tests for solids are grouped
under the title of "Residue’ in the
Federal Register "Guidelines Establish-
ing Test Procedures for the Analysis
The tests listed there
are: ;

A Total Resldue, mg/liter

Gravimetrlc 103-105°c(2)(3)

Total dissolved {ﬁlterable) residue,
mg/lUter

Glass fiber filtration 180°c(2)(3l

Total suspended (noi&-h“em—ble) residue,
mgl liter .

Glass fiber filtration 103-1os°c(2)(3)

Settleable residue, ml/liter or m
volumetric 3) ar gravimetrlc

sglmer

Total yolatile resldue. mglllter 4

Gravimetric §50+c{2)(3)

SIGNIFICANCE OF TEST RESULTS

Tests for solids do not yleld extremely
accurate results. Interferences and
sources of error are listed for each of
the_tests later in t!"xis outline, ™
Be'causilthere are so many varl.abies.
tdtal gatids and the variousiportions .
of solids are most practically defined
in terms of the test conditions used for
their determihation. an the term
"residue” emphasizes thnt the data .

"

{I
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S\Eﬂing for Solids in Water Samples
- <

N

¢

obtained 19 for matter which remains’
after applying treatments specified by
a standard test procedure..

-

VL GRAVIMETRIC METHODOLOGY FOR
SOLIDS TESTS

All of the tests fqr solids are gravim“tric.
(Settleable solids may also be reported
in terms of volume), Gravimetric
methodology applied to solids involves
welghing the residue that remains after

- the water in the sample has been separated
from the golids either by evaporation or
by filtratfon. The resulting residue
should be completely dried befort
welghing. [ts container {s weighed before
using, then weighed again while containing
the résidue. The difference in these
weights isi the welghf of the residue.

Containers

5
[

The cholice of "containers™ depends on,
the requirements of the test.

1 Eva:poraﬁng dishes - these are used
for total, total dissolved (filterable),

" and total volatile or volafile dissolved
Tesidues. They argfto be-made of
porcelain, platinum or vycor. Dishes
with a capacity of 100 ml are commonly

. used. '

~
‘2 Glass fibej ﬂl( ‘discs - these are

used for suspended {non~filter-
able))settleablea and volatile suspended
“residues. They are'™® be made of glass
fibers and without or(a.nlc' binder.

The discs are very {ragile and must

be handled carefully.

-

i

The dlameter of the disc depends on,
the reguirements of the filtration .
apparatug, Gooch crucibles or a funnel
apparatus which Includes a course (40-80
microns) fritted disc can be used as a
support during filtration 80 2.2 cm or 4,7
em dlam@teéare common disc slzes. For
. the dry-cool‘operations, a Gooch crucible
or & planchet made of aluminurmi or staln-
less .steelcan used to support the di
(A watch-glnss can be used instead of
planchet) ~

L]

L}

The final welghts for a Gooch-
crucible containing a disc or else
for a disc,

B Drying Temperatures
. s

. For NFDES testing, the temperature
specified for the final drymg of total
and suspended residues is 103-105°C
whilé the témperature specified for
total dissolyed residue jg 180+2°C,
.The lower temperature i§ inténded to '
facllitate the measurement of volatile
substances while the higher is to
measwre anhydrdus inorganic substances.
This is in keeping with the intent of the
different tests. i.e., fo meisure

'separate waste characteristics.

R [l

‘E‘O‘ra‘détafred ‘discussion of the effect
.of different drying temperatures on
‘results for these tests see Standard
Methods.

’
C Chéck for Con;:plete Drying
Three of the test procedures specify ‘¢

?-epeating the "drying cycle” until a
constant weight 1s obtained.

The "drying cycle” consists of drying

the residue separated from the sample

{either by evaporation or filtration) 1n

a drying oven at the temperature specified

for the test. The residut in/orits con-
tainer.1s next cooled to room temperature

in a desiccator, thén weighed on an

analytical balance. .

As a-check on qomp}ete drying, the
2 'dry-cool-weigh steps are repeated and
* the weight is compared to the first
welght ocbtained. .
Ideally. the weighld will be the same or
within the balance erf™r. However,

+ each procedure gpecifies the maximum
acceptable difference between the weights.
If the difference exceeds this limft. the
drying cycle is to be repeated and the
secgnd and third welghts compared and
80 on lmn the check 1imit is satisfied.

If sig'nmcant grease or ofl is. presept in
residaes, it1p Qifficult to completely
: dl‘y them. r
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| -— . Testing for Solids in Water 'Samples
| Experience: with a particular test for, F Interferences and/or Sources of Error
. samples from the game source enables ]
an analyst to establidh initial drying 1 Ordinarily. non-representative par-
times that will accomplish complete .. J ..ticulates such as leaves, sticks, etc,,
drying and minimize the need for many are removed from the sampl&before *
- repetitions of the drying cycle. processing it.
In gome cases, using less sample volume 2 Floating oil and grease should be
is advantageous, if incomplete drying is ' included in the sample and dispe rsed
caused by too much resid:; which can by a blender device before aliquoting.
entrap water. -, o
. 3+ If evaporation is conducted in a drymg
. oven, lower the temperature to about
* VI. TOTAL RESIDUE 98+C during the initial process to ,
. . prevent boiling and spattgring of the ;
A Operational Definition- ' . sample. Final drying is done at
- 103-105°C,
,° The matter remaining in an evaporating . . '
dish after evaporating off the water from 4 Results are subject to negative error
a sample, then drying the meterial to due to loss of volatile materials during
" constant weight at 103-105°C. evaporation, N
. - . . ;
B Water Quality Ef%fects G Check on Complete Drying ' .
Total residue is originally dissolved or - Dry to constant weight at 103-105°C.
suspended in water. Some suspended This ¢ntails repeating the drying cycle
. matter will settle if the water {8 not and comparlng the weights obtained,
. greatly disturbed. The, effectaof solids The loss of weight should be less than
. .on water quality often depends on which 4% of the previous weight or 0.5 mg.
* type it i8. These effects are listed, whichever i8.less. .
, then, under those headings. " .
Any of the forms of solids can demand VIiI. TOTALDISSOLVED (FILTERABLE) '
oxygen and this affects the supply of RESEUE
oxygen available for aquatic life and ) ) i
natural decomposition processes « A Operationa.l Definitfon :
C Wastewater Treatment Plant Control Those solids capable of passing through
51gnmc€n 'w glass {fber filter and dried to constant
. weight at*180°C, -
1 Loading criteria , *
. 2 Solids retention s a function of s B Water Quality Effects . ,
incoming solids to unit solids.
. - 1 'Fublic Water Supplies * taste, physio- *
D Summary of Method(2)(3) logical effegts. toxicity. corrosion
A well-Intxed °aliquot ‘of the sample is 2 Irrigation - nutrient balance, to::icity.
quantitatively transferred to 3 pre- osmoti¢ pressure , . . )
weighed evaporating dish and evaporated, . -, )
, then dried to constant weight at 103-105*C. 3 Livestock -.taBie, physiolggical effects,
- ’ ’ toxieity  ~. —_—
E Sample Volume
’ 4 Aquatic Life - nutrients, toxicity, .
. . Chodse ar aliquot of sample sufficient to osmotic pressure -

contain a:residue of at least 25 mg,
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Testing for Solids in Water Samples ) Y.
‘ - ~ - . . » * ;
Note: Bacteria can synthesize G Check on Cqmplete Drying o~
".__—  dissplved solids to suspended solids . P
and also to gettleable solids.  ~ Dry to constant weight at 180+2°C, t
. . L - i. ¢., repeat the drying cycle until |
C Wastewater Treatment Plant Céntrol the weight loss is less than 0.5 mg. ‘
I Significance S . .
‘ . - . n ,. . |
g 1 Loading according to oxidation . IX. TOTAL SUSPENDED (NON-FILTERABLE} -
" requirements, * -RESIDUE .
2 Indication of possible agglomeratipn . 3 -
problems. A Operational Definition i
D Summary of Method(2}(3) : Those solids which are retained by a | .
T : glass fiber filter and drigd to constant
A well-mixed sample is {ﬂtere{through weight at 103-105°C, ’
a standard glass fiber filter, An aliquot ) .

» of the filtrate is quantitatively transferred B Water Quality Effects
to a pre-weighed. evaporating dish and

+ evaporated. then dried hﬁpnatant 1 Water Supplies - possible oxidation hy
+ weight at 180°C, . N and/or agglomeration ‘
" *E Sample Volume . 2 Irrigation - plant growth and qualty,
. « s8oil quality, functioning of equipment
Too much residue in the dish can crust . . .
over and entrap water that will not be 3 Recreation - Aesthetics ’ -
driven off during drylng. To help prevent y '
tﬂ];.ls. a vdlume of sample yielding a . C Wastewater Treatment Plant Control
- aximum residue of 200 mg is suggested. Signi.ficance
Specific*conductance or ion exchange 1 I_oading criteria for digesters'
tests can be used to estimate a sample - according to possible oxygen demand i
size with an appropriate concentration. {3) 2 Check on clarifier efficiency .
e 3 * Balance of solids check
F Interfeérences and/or Sourcea of Error. 4 Settleability characteristich
» - 5 Check on quality of effluent
1 If evaporation is conducted in a drying . - . .
- ~fven, lower the temperature toabout . D Requirements for National Pollutant
) 98°C during the initial process to Discharge Elimination System (NPDES)
" predent bolling and spattering of the s
sample. Final drying is done at "" 1 AllSecondary Treatment Plants
v 180+2°C. s
T a The arithmetic average for effluent
2 gr-oaccvpicé cOmanenta e.8., ’ \ ' samples collected in a 30 consecu- '
, Mgt . S04” 2. require tive day periqg‘ﬁall,not exceed
- prolonged drying and desiccation, ~ 30 mg/liter, )
followed by rapid wefghing. '
' . . b The arithmetig average for effluent
3 Bicanbonate componen} requires ! samples collected in a 7 consecutive
careful and prolonged drying to day period will not exceed ’ -
ingure cpnversion to carbonate. Lo 45 mg/liter. ) .
¢
4 Because of the physical nature of t Ina 30 consecutive day period, *
glass fiber filters, the absolute p@re the average of the total suspended '
size cannot be controlled or measured. (n0n~ﬁlterable) golids in effluent
This affects results. 98 samples shall not exceed 15% of e
. ) ‘  the average of the total suspended ‘
« - solids in influent samples collected
- ' .

» S
3
. .
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» ’ - Testing for Solids in Water Samples ' .

E Summary of Method@® . A

at approximately the same times.

This constitutes 85% removal of e
such 'solids during the treatment
process. . .

Wagte Stabilization Ponds
These fall under special regulations
{f they are the sole process used for .
secondary treatment, if the maximum
desgign capacity {8 two million gallons
per day or less, and if operationand. W
maintenance data indicate that the above
requirements cannot ‘e achieved,

\
The EPA Regional Administrator (or
the State subject to EPA approval) "'
s authorized to adjust the minimum
levels so they conforuy té the suspended
solids concentrations achievable with g
best waste stabilization pond technology.
Thesge levels vary with geographicai H
locations, -

A well-mixed sample i3 quantitatively
. transferred to a filtsation apparatus and

filtered through & pri-weighed glass fiber bS
filter, The residue retained on the
filter is dried-to constant weight at A
103-105°C. . _ ’

F -Sample Volume - -~ -, - = - - - oo

PEEM

G

‘The chofce of volume {8 related to the

gize of the glags fiber filter used for ‘ B
the tést, A volume that will yleld at ,

least 1.0 mg is’ited in the EPA ;
Methods Manualmj fora 4,7 cm

diameter filter, or else a welght of

residue in the same proportion for ~

other size f{lters. (For example,

b.

47 mg for a 2.2 cm diameter filter).
’

The game manual(z) presents a scheme

to estimateé the volume of s8ample to

use when the sdspended solids content

significantly affects-the rate of the ¢
. fi.l;ration procedure. .

1

Interferences and}or Sources of Error
-~

.
.~
, L

Ordinarily. non-representative

partlculates such as leayes, sticks,
stc,, Are removed frOm the sample
.begore processing fit.

¥

2  Samples high in dissolved (filterable)
solids may be subject to a positive
interference. Exercise care in,

» gelecting the filter apparatus so
that washing of the filter minimizes
this potential interference.

3 The filter disc should be dried to
constant weight (agreement within
0.5 mg) before use.

. "

4. Consistent technique in carrying
out the Bteps of the test as specified
can control procedurhl variables
which will a\ffect resgults,

5' Because of the‘f)hysical nature of
glass fiber filters. the absolute
pore size carngt be contrflled

or measuréd. This affects results.

-

Check on Complete Drlying

i.e.., repeat théidrying c
the welght loss is less th
SETTLEABLE RESIDUE R

Operational Definition ’ /

That matter which will not stay in \‘\

. suspension during a one hour gettling , -

period. . ®
Water Quality Effects” !

14 ﬁecreatlon - Aesthetics 2

2  MecHanical ages - affects

* navigation ﬁ‘ R

3 Blanket efffct destroys bottom
_fauna:and biota, and spawning
grounds. It alad 3ffects organic
waste decomposition,

4 Organic components can deplete N
bottom oxygen and cauge production

- of noxious gases like hydrogen sul-

fide.

5  Matter can adsorb metals and
cause their concentration, '

’

-



* Testing for Solids 1n Water Samples

' ' .
C Wastewater 'l‘reatmen‘t Plant Control,
Significance g a
= 1 Data can be used ta che&k if flow

rdtes are correct in aeration
" tanks. * -

Seftleability ¢haracteristics,
especially that of compaction, .
. can be used to determirfe
.~ return-sludge rate and when to
waste, ° w» -t/

»

D Summary of Methods .

1 Gra\qutrlc(3)

-~ ]
-

The mg/liter of total suspended
{non-filterable) residue is deter-
muned for.the sample as described
in IX E above. N

} ~ »
Then the mg/ liter non-gettleable
suspended residue {s determined
fh the same manner, but on an
aliquot of sample drawn from
the middle of the supernatant in
one liter of sample that has stood
quieacent for one hour.,

] ’

. The mg/liter settleable matter.is
the difference between tie total .
suspended and the non-gettleable '

* suspended residues.. ° .

2 Volumetric(3)

x

. One lter of well~mf{xed sample

{8 contained in an Imhoff Cane  +.

for a total of one hotr, Then
the volume of settled matt /r
is recorded as mllli'te:;., .

E  Sample Volume '~ : ¢

1  Gravimetric - - .

“ ~a For the total suspended (non;
A filterable) residue, gee IX F
. N abeve. . . z '
b~ For the non-settlvable sus-
e pended aliquot; the test
specifies one liter or more

v
~

-

G

X1

‘w

of sample for the settling
operation. and 250 ml of .
the resulting supernatant ,
"f3r processing. .

2 Volumetric
&

) -

Interferences and/or Sources of Error

1] *

1 . Provision must be made to ensure
~quiescence during the settling

One liter is specified. ‘

period. .
2., Sarﬁple should nbt' stand 1n “
sunlight. : ,
Chgekon Complete Diying 4 '

Fér the gravimetri¢ method, . the final
restdues are the suspended (non-
filterable) residues on a filter disc.,

The drying cycle should be repeated
until the b\t loss ig léss than
0.5 r}xg. L .

- L]

14
’

TOTAL VOLATILE RESIDUE
,Opera‘tion‘al Definition = - .

That matter reraining after igniting
a dried, total resldu\e at 550°C 1n
a muffle furnace for 15+20 minules.

Water Quality. Effects ’

Matter that can undergo contbustion

has the potential to be oxidized. Such
solids can cause dissolved oxygen
depletion which affécts aquatic life

and natural organic waste Qecomgosltion.

Wastewater Treatmerit Plant.Control
Significance- "

This data prbvides:

1+ A rough estimate of oréanic matter
prasent  _ ) ’
2 A monifor for treatment.progress,
3 A check.on digesater tfficiency
» [ ] -

L '

-
»

4

Lo d




. ) “l" . .
# -t -~ . . . ,
' - v * } \ " ) - ,'
. b “Testing for Splids in Water Samples
1 - H - - [ ’ ’ } )
L4 ' . * - . . ' [
D, Sugmary bf Methog(®) s ' control test in a wastewater R

I./The dried, weighed residue ob-
tained from the-détermination of
total golids (VI D above) is
ignited at 550°C in a muffle

' furnace for 15-20 minules. then

’ cooled and weighed., The ddferenoé

in the weights before and after °
, ignition’is the total volatile =~
residue, . .

2 _ A volatile residue ignition might
" also be applied, to residues oBtained

. Irom dissolved (filterable) or ~

suspended (non-filterable) deter-
minations. Such data is useful
for treatment plart control.

/'\.

. E  Sample Sizes. -

=~ This test ig performed on a dried,

welghed residue resulting from one v

of the tests above {total, suspended
or digBolved residues), .

L4 . .

F " Interferences and/or Sources of, Error
]

.

"1 Lack of control for the temperature
of the muffle furnace "

.2 Residues are often véry hygroscopic
so weighings must be performed
. ag soon a8 the container and
' ‘residue are cool.
[\ 3 The principal source of error is
faildre to obtain a representative
sample. ) v

- .

4 . Loss of ammonium carbonate,
water of crystaldzation, aﬁdlqr
loas of voliatile orgahic. matter
may occur during drfylng cycles
prior to combustion, ’

v g .

5 T)‘tere may be incomplete oxidation
~Of certian complex organica. and
decomposition of mineral salts

_during combustion.

8" Results should not be considered
ag an accurate measure of organic
carbon, but may be useful as a

Vs

. " treatment plant.. .

- 3

‘ /
G Theck on Drying to Constant Weight
[

The procgduref3) does not specify
a check for constant.weight when . e
det?rminmg volatile residues.

AL

‘1 “Such residues are often very
. hygroscopic so it ia difficult -
,  to obtain an accurate weight.

»
. 2  The data is nid} an extremely )
. ' accurate measure of volatiles.,

3 “'The data isusuplly used for
¢ control of waste treatment

processek. .
. N . .
, REFERENCES  * S~ |
\'jederal Register, "Glildelines . |

Establishing Test Procedures ) ]
for the Analysis of Pollutants, " |
Vol, 41, No. 232, December 1, 1976,

pp. 52780-52786.

~

»

2  Methods for Chemical Analysis of :
Water and Wastes, EPA-EMSL. “
Cincinnati, Ohio 45268,

1979, page 180.1-1

»

. , $
. 3 Standard Methods for the Examination

. , of Water! and Wastewater. APHA,
AWWA, WPCF. 14th ed., 1975, , -
page 89. ° , ;
] . '

This outline was prepared by Audrey D. Kroner,
Chemist, National Tralning and Operational
Technology Center. OWPQ, USEPA,

Cincinnati, Ohio 45268

2 Fa . .
, ~ . - '
Descriptors. Analytical Techniques, '
Chemical Analysis, Laboratory Tests,

Solids .
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* - - 'l;URBIDITYx

e
1 INTRODUCTION ’

=

e degree of cloudmess.present'..—
reely, 1t is an index of clarity.
A "Derimgion“’_

Turbidity 1s an exp:%smon of the optical

property that causes light to Be scattered

and absorbed rather than transmitted in
» straight lines through samples of water.

Relatxonship to SuSpended Sohds <.

Thig optxcal property, turbldxty. is
caused by suspended matter. The size,
shape ant reﬂectlonlabaorption 7
properties of that matter (not its weight)
determine the degree of optical effects.
It 18 very possible to have water with
high turbidity but very low mg/1, sug-
pended sohids, Thus one cannot use

- turbidity results to_estimate the weight
. concentration and specific gravity of the
suspended matter.,

4

1 clay, sand ¢
"y " ]
2 sil,t. erosion products .
« 3 microscgplce and m'dcfoecoplc
orgamems

-

4 finely divided Orginlc products

6 others o '

J

Ettects on Water Quallty‘m

, ' j‘urbtduy 1g &n lndlcato‘ f possible -
susperided matter effects such as
impeding effecfive chlorine.disinfettion
and clogging {ish gills. Héwever, the
/"Yollowing list is limited to tHose effects
- associated with the op’tical (clarlty)
nature of turbidity. ,

. . L . - .
R S )

. . ’

i.TdRBJn.ao e

IToxt Provided by ERI

a )

_Caqses . . . 7 .

E Criteria for Standards

2 .Obscurmg objects in water .

4 Thermal Effects =

+

’ . -

| T
,

/

1 Reducing clarity in w@erI ;

drinking water quality
féod processing : -
industrial, processes .

fish (seeing natural food)
swimming/water sports

-
P -

[1-J> P+ B = g -

a submerged hazards
b water Sports

. 1

3 Laght penetration -

a affects depth of compengation
point for phiotosynthetic pctivity
(primary food production).

3
High turbidxty causes near surfage
waters to become heated because of
. - the heat absorbancy of the particulate
matter,

. )

-

a Results ln lower rate of oxygen -

transfer from air to water. ‘4
[ ]
Stabilizes water column and
prevents vertical mixing.
. 1 decreases downward digspersion
of dissolved oxygen .
™ .
R decreases downward dispersion
” of nutrients

(2)

1 Finished Drinking Water « Maximum + . |
of one unit wherae the water enters the - |
distribution system. The propoged E
astandard 1s one unit monthly avﬁ‘a_ge and
five units average of two consecutive days.
Under certain conditiohs a five unit .. a
mqn‘thly average may apply at state option.

For Freahwater Aguatl\c Life and

W{ldlife ~ The combined effect of color
turbidity should not change the

- ‘ 15-1




) Turbidity . . ) )
T

—~—t 2 i .

- , R . 4
compensation pownt morg than 10% "1 Instrument
. from its seasonally estaP¥ighed 5 »
: norm, nor should such a change ) n ‘
place more than 10% of the biomass of » T[T Oter Tube
photosynthetic organisms below the

+ .« compensation point. . )

5 »

o Mato! Tube

3 Turbidity Criteria Used by Industries: ) ) »
h Y .

. a Textiles - 0.3 to 5 units
p)

b Paper and allied products - Ranges

3 from 10 to 100 units, depending on * . Candie’™

: A type of paper. peort ] '
¢ Canned, dried and frozen frats and s’g;’:ﬂ'::""
vegetables - Same as for finished ’

" drinking water (1 turbidity umt). . - ,. o
d Figure | JACKSON CANDLE

.

LF_ Processes to Remove Turbidity (Solids) ' _ TURBIDIMETER
* 1 Coagulation . The sample was poured into a flat-
T/ ' ‘ bottomed, graduated glass tube .
a pre-chlorination enhances coagulation held over a special candle. A

turbidity reading was taken when
the operator, observing from the

2 Sedimentation
; top of the tube, saw.the image of the

3 Filtration .. - candle flame disappear into a uniform -
glow. The reading related the final-
N 4 "Aeration - depth of sample in the tube with tube
calibrations obtal

from a standard

»

"5 Othérs suspengion solution.

: T " 2 Standard Suspension

. N .
II  VISUAL METHODS TO ESTIMATE - .
*  TURBIDITY .~ The standard was a suspen$ion of
. . ’ silica prepared from Fullef's or
A Early Efforts diatomaceous earth. Thi# was
- dilufed to, prepare a sepies of - ~
In the early 1900's, Whipple and Jackson ' standard suspensiongtq graduate
measured turbidity and developed a calibra= the turbidimeter. Graduatiohs bglalt
tion scale fo'r mrbidity instruments. Jackson turbidimeters are made in
: conformity to this origipal data.
B Jackson Candle Turbidimeter . Other suspensions are standardized by
. . , using the pre-calibrated turbidimeter and
Later Jackson developed apparatus ] diluting accordingly. .
which utilized the same "extinction® . . \ el
principle as the instrument devised 3 Unit Used PN

PR

+ Jackgon Turbidity Unit (JTU) - parts
per, million subpended silica*turbidity.

. earlier with Whipple. Y

1
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) L. ] ' Turbidity «
. , )
. . , .
<4 Standardization of Apparatus ) ¥ filter) upward through the sample .
, . ' ) . which is contamed in a glass tube. s °
The current editipn of Standard , The entire system iS enclosed 1 a
(1) : _ black metal box. The operator views R

Methods  contains specifications

for the three essential components, the sample by looking downward through

an ocular tube screwed into the top of

. L e'd'l the (;:ahbrate;!.tglass tube, the * the box and adjusts the brightness of a
, candle and a Suppoyt.  central field of light by turning a
‘ . ' calibrated dial on the outside of the
‘ * 5 Current S(té;nda rd Suspension - apparatus. The point of uniform hight ’
Solutxons . wintensity occurs when a black spot in

the center of the field just disappears.
1 Natural turbid water from the same - .
source as that tested gives best 2 Range of Applicability

. results. Determine turbidity with : . .
the instrument, then dilute to values The equipment offers a choice of bulbs,
. desired. filters and volumes of sample tubes.
! The variety affords a means to directly
2 The supernatant of a settled solution ¢ Measure turbidity rangx;:f{[rom 0 through
of kaolin 18 also used as a standard. 150. The ranges can be-€xtended by
- . ~ dilution. R
6§ Lamfations of Method )
\ - ) . 3 Results .
a Apparatus - difficult to exactly - '
repréduce flame as to intensity and The final reading from the dial 18 '
actual light path length. In general, translited into ppm silica turb1d1ty tnits ,
1t is a rather crude instrument with by using a grapit corresponding to the
several variables that affect accuracy. bulb, filter and volume of sample used.
b Very fine Buspended particles do not ' 4 Standard Suspension Solution
" ténd to’scatter light of the longer ) . .
wavelengths produced by the candle. Standardizing suspensions are not used
* by the operator. The graphs are
¢ Very dark and black particles can supplied by the canimny for each
absorb enough light in comparison instrument. \\_,
. to the scatteming of light to cause (5)
an incorrect reading of image D Secchi Disk
- extinction. P
- ’ This is a very simple device used in
d Turbidities below 25 JTU cannot the field to estimate the depth of visibility .
be directly measured. For lower (clarity) in water.
turbidities (as in treated waters}, *
indirect secondary methods are 1 Equipment -
required to estimate turbidities, '
' (4) The disk i8 a weighted circular plate,
C Hellige Turbidimeter 20 cm in diameter, with opposing black |
—— and white quarters painted of the surface. -
This instrument utilizes the same The plate i8 attached to a calibrated line
- extinction principle as the Jackson by means of 4 ring on it8 center to assure
, Cadle Eurbidimeter. that it hangs‘horizontally.
! Equipment i , . 2 Readingd -
‘s * "An opal glass bulb supplies the light v The disk i8 lowered into water until '
which 18 reflected (usually through a it disappears, lowered farther then.
104 o153




; Turbidity ) :
-
. . R
b ! " ) ' . ' ’ ’ . ”
raised until it reappears. " The ° Il NEPHELOMETRIC MEASUREMENTS
corr.espondmg visibility depth (s) . FOR COMPLIANCE MONITORING
are determined from the ° o
. calibrated line: Some read both The subjectivity and apparatus
i ., depths and average them. Some deficiencies olved in vasual methods
read only the reappearance depth. of measuring turtidity make each
’ : . unswutable as a standard method.
.- 3 Standardizing the Procedurg\— . ’ ’
’ - o ) Since turbidity 15 an expression of the
. There are many variables (position optical proper{y 'of scattering or
- of sun and of observer, roughness of 2 ) absorbing hght,h 1t was natural that
body of water, etc.) that affect . optical inatruments with photometers
. readings. However, the same ’ would be developed for this measurement.
i obgerver using a standard set of . .
operating conditions can' provide . The type-of equpment specified for
useful data to compare the visibility . compliance-rnonitormg(3' 6) utilizles

of different bodies of water.

nephelometry. |

. : Application of Results Basic Principl e(?) :
Limnologists have found 1t The intensity of hight scattered by the

;?:1:' ?f:::;;ﬁ ?:f:;t?;;:}egc::; ' sample 18 compared (under defined
conditiong) with the intensity of hight

Lo

- f: égu(:ef t:e‘:}::i;i Lifg}fl(:umétzgls;;}y;t . “scattered by a standard reference
intensity. The true photic depth is- . Solution (formazin}. The greater the *

intengity of scattered light, the greater
the turbidity. Readings are made and -
reported in NTUs (Nephelometric
Tarbidity Umts).
LIS

* determned by use of a submarwmne
photometer and at the same time
the observer takes a series of

N . Secchi disk readings to obtain an

average., Diwiding the true photic

depth by this average gives a t

factor which can be used to multiply

B Schematic
€

other disk readings for an approxima= ’ T\
’ tion of photic depth. ;. ’ Mater .
- 1 L] a
E Status of Visual Methods for Compliance ’ '
onitoring | ' n.mmm—-,.é:!:l, .
" - - b fted. | Turbiday Partitien
The Federal Register(8) "Ligt of , Lons // ScaterLant g
Approved Methods" does not include - — \
any of these wsu:}! methods for National — = )
. Pollutant Discharge Elimination Sgstem — — |
(NPDES) requirements. The visuS Somple Call ‘
- methods are not recogmzed in the . (Top View)
Federal Register(} 155ue on Inferim _ Figure 2 NEPHELOMETER C
Drinking Water Regulations, efther, ) {90° Scatter)
- / \ 1
v
Light passes through a polarizing le(s \
. " and on to the sample in a cell.
) . Suspended particles (turbidity} in the
< sample scatter the light. '
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- . g n g Turbidity
N, . T ) N ) . R
. . ) e o \ i
Photocell (s) detect light scattered by C EPA Specifications for Instrument Demgn”)
the partleled it a 90° angle to the path * ¢
. of the incldent light. This hght Even when the same suspensioni1s used
energy is converted to an electric ’ for calibration of different nephelometers,
signal {or the meter to measure. « differences in physical design of the -
’ turbidimeters will cause differences in ’
1 Direction of Entry of Incident " measured values for the turbidity of the .
, Light {o Cel? " same sample. To minimize such differences,
' * the following design criteria have been -
a2 The l&mp might be positioned as gpecified by the U, 5. Environmental Protectlon
*  shown in the schematic so the Agency.
heam enters a sample horizontally. . .
. - 1 Defined Specifications ..
BN b Another instrument design has the - *
. light beam entermng the sample a Light Source —
{in a flat-sottom cel}) in a Vertical
' direction with the photocell * Tungsten lamp operated at a color .
: positioned accordingly at a 90° ° temperature between 2200-3000°K.
) ~angle to the path of incident ltght. ,
L »
2 Number of Photocells . SR b .Distance Traveled by Light
The schematic shows the photocell (s) The total of the distance traversed N
) at one 90 degree angle to the path of by the incident light plus scattered
the incident light. An instrument light within the sample tube ghould:
‘ might utilize more than one photocell not exceed 10 cm.
. +position, with each final position being
. at a 90 degree angle to the sample Haquid, ¢ Angle of Laght Acceptance of the
Detector ‘
3 Meter Systems - T‘/ '
, . Detector centered at 90° to the
a The meter might measure the incident light path and not to exceed
signal from the scattered light + 30° from 9(r°, N
Ll intensity only. » - . 3
* b The meter might measure the * The detector, and filter system if
signal from a ratio of the gcattered used, shall have a spectral peak.
light versus light transmitted response between 400 and 600 nm.
. directly through the sample to a ) e e
* photocell. — "d Applicable Range
4 Meter Scales and Calbration The maximum turbidity to be
) - measured is 40 units, Several ranges
a* The meter may already be will be necessary to obtain adequate
calibrated in NTU8. In this case, coverage. Use dilution for samples if
. at 1east one standard is run in their turbidity exceeds 40 units. ;
each instrument, range to beised ) .
. in order to check the accuracy of -~ 2 Other EPA Desfgn Specifications

the calibration scales,

! ¥

. a Stray light

: b lfx pre-calibrated gcale i8 not ) . . . , .
supplied, a calibration curve is Minimal 8tray light should reach the
prepared for each range of the detector in the abeence of turbidity, .-

instrument by using appropriate

. - L

dilutions of the standard turbidity :
guspension,

‘ ‘ ' 106




Turbidity ) et L /
_ . - O
Some causes of stray light reaching , turbidity differences of Q.02 unit
t the photocell {8} are, . . or less. Several ranges will be
) necessary to obtain sufficient
7. Scratches or imperfections , sensitivity for low turbidities.
glass cell windouws, . - . :
‘ 3 Examples of instruments meeting the
. 2 Dirt, film or condensation on the specifications listed in 1 and 2 above
glass. \J . include® x

I
- v ‘

¥ 3 Light leakages in the instrumen a Hach Turbidimeter Model 2100 and
- ; 21004 - |

system.
N . |

’

A schematic of thege causes is b Hydroflow Instruments DRT 100, 200,

' shown in Figure 3, and 1000 .
) |—— . ! 4 Other turbidymeters(12) meetmg-the
o t listed specifications are also
. . Mete: . acceptable. N
— D Sources of Error -
Fhotoceils) -
LM Leskage light Laokage from i Marred Sample Cells , - T
. tom Lons smom\ = tronimittad Light N
N wre b \\( T _~ a Discard scratched or etchqd Sells. |
. = ey . .
ey - P 4100 I A : . )
%—- 1\ s B s p— b Do not touch cells where light .
. t'u] N ‘\Q\:L_z;/’ strikes them 1h mstrument.
\ . i
Lone Scuter by gl e A ¢ Keep cel(lé;) scrupulously clean, inside
’ Figure 3 NEPHELOMETER ' . andout.
. SOURCES OF STRAY LIGHT \‘ 41 Use detergent solution.
v Stray light error can be as much . . %
as 07 NTU. Remedies are cloge 2 Organic solvents may. also be
- ) inspection of sample cells for * \ ‘ - used, N
imperfections and dirt, and good ° . \
design which dan minimize the \ 3 Use deionized ¥ater rinses.
effect of stray Yight by controlli?xg \\ ] . . ¥
, the angle at which it reaches the 4 .Rmse and dry with alco.hol or
© sample. v ’ acefone. '
b Drift 2 Standardizin\g Suf;pensiOns(z)
: The turbidimeter should be free a Use turbidity - free water for.
from significant drift after a short ' preparations. Filter distilled water
- warm-up period. This {8 imperative - through a 0.45 u m pore size membrane
**  if the analyst is relying on a manu- \ fiitet if such filtered water shows a
facturer's golid scattering standard lower turbidity than the distilled water.
for setting overall instrument .
gensitivity for all ranges. . b Prepare a new stock suspension of

' @rmazin each month.
)
¢ Sensitivity .

. ¢ Prepare a new standard suspension

.in waters having turbidities less than ang dilutions of Formazin ?ach week.

one uynit, the instrument should detect 1
’ hay
{

[




Turbidity

3 Sample Interferences

-
i a Positive

1 Finely divided alr bubbles
b Negative
' ’ - -
1 Floating debris
2 ‘Coarse sediments (settle)
. .

3 Colored dissolved substances
(absorb light)

L E Reporting Results”) ,“ ’
- NTU—* * *Record to 1‘\Jearest:
0.0-1.0- 0.05
C1-10 . 0.1
. 10-40 1
40-100 ©
100-400', 10" . T
400-1000 50 .
>1000 100

4 ‘ )
F Precision a.n_d Accuraqy{T)'

1. In a single Iaboratory (MDQARLS},
using surface water samples at

.levels of 26, 41, 75 and 180 NTU, . -
the standard devidtions were + 0. 80,
£0.94, + 1.2 and + 4, 7 unita, )
respecﬁvely. .

Accuracy data 18 not available at"

' ‘thls tlm‘ ’ ‘_.‘ .

.IV _STANDARD SUSPENSIONS AND'RELATED
Um'rsm \

One of the critical froblems in measuring
turbldity has'been to find a material which

. ¢an be made ihto a reproducible suspen=-
,8lon with uniform sized particles. Vario_g,s
mhterials Have been used,

Y

A Natural Materials =

1

Dhatomaceous earth * .

2 Fuller's earth .
3 Kaolin .

; e by
4 Naturally turbid waters, . .
Such suspensions are ‘bt suitable
as reproducible standards because there %

is

no way to control the size of the

suspended particles.

B -Other Materials

1
2
3

4

LY

Suspensions of these also proved
i.mc.leante.

{

Formazin

~ ~ LY

Ground glass

» Microorganisms .

‘Barum sulfate- -

Latex spheres |
- k]

A pol_ymer formed by reacting hydrazine
sulfate and hexamethylenetetramine

gulfate, o
It is more reproducible than previously- }
used standards. Accuracy of + one per - |
cent for replicate’ solutions has been
reported, -

In ‘1958 the Association of Analytical ‘
Chernists initiated a standardized system
of turbidi measurements for the brewmg |
industry |

Y

deﬁning a standard formula for making 1‘

stoclg Formazin solutions and o
. . |

designating a umt of measurement |
based on Formazin, l.e;, the Formazin
Turbidity Unit (FTU). . :

1‘ J N L4 .

During the 1860's Formazin was increasing-

ly used for water quality turbidity testing,

It ig the currently recognized standard for

compllance turbldity measurements, >

L Y
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D Units . ..

At first results were translated

, into Ja.ckson Turbidity Units

.+ (JTU). Howe er. the JTU was __
cierived from a vxsual measurement '
using concentrations (mg/fliter) of
silica suspensions prepared by
Jackson. They havg no direct
relationship to the intensity of* . '+’
light scattered at 90 degrees'in

1.

-

a nephelometer.
For a few yéars. results of
nephelometric measurements -
using specified Formazin ’
. standards were reported directly
as Turbidity Units (TP's), °

* .,

{urrently, the unit used is na.med

according to the instrument used for

' ineasuring turbidity. Specified
Formazixr gtandards are used
calibrate’ the instrument and regults
are reported as Nephelometric

- Turbidity- Units (NTUs).

x

>
.

V... TURBIDITY MEASUREMENTS FOR
.+ *  PROCESS CONTROL ° .
*  The.schematic and design characteristics
discussed above for nephelometric
tostrynents is the required method for
- meashring turbidity for compliance
purposes. Turbidity data is also widely
used to check water fomprocess design
.~ purposes and to monitor water for process
contrdl purposes. The nature of the
liquids to be.mionitored, and the degree of
pénsitivity requ.red for signalling the
/ remedy. to be applied have led.to the
, development of monitdring instrumenta-
’lon that{dUfers in design or in principle
e instrument previously described.

A U‘s‘ers of Control Data

b ,'l’ . Iy

1 Potable Water Treatment Plants  °

. - . -

.‘2 Municipal Wastewater Treatment Plants

3 Industrial Processers .

‘B Applications of Control Data

~

2. Settling Ptocesses

»

"(10, 11)

T, s
! Coagulation Processes

-
.

a. To'theck the effectiveness of
different coagulants:_

b. To check the effectiveness of -
. different dosages.

)

¢ Toéregulate chemical dosages by
automating chemiqal feed controls,

e .
.
L * .

4. N

»
v »

a 'Tg-determme intermattent need for
gettlipg brocesses. °, .

' b To gpntrol the sludge blanket height
in acCtivated sludge treatment processes.

. ¢ To activate Femoval and re-cycling of
' very high density sludge frem settling
tanks;

- 4 .

d To.monitor gffectiveness of gsettli'ng
processes.

*

n

4 1

»

3 Filfration Procest;es, .

.a To determine\;ntermntent ‘need ~
for filtration.

To factlitate high‘;ate filtration

b
processes.. A .
¢ To prevent egsive loadings for
filtré'tion systems. .
d To check the efficiency of filtration , _
systems. -~ e
1 ¥ LAY

e To reéulate filter backwash operations.

4 Rust in Water Distribution Systems

r 2
,»a To locate sources of contamination.

b To monitor,interrnittent occurrences.

5 ‘Steim Boiler Operations

a To detect corrosion products in
bofler water, .




. L . . o Turbidity .

. . ) . ’ .
-, » - . . . . P . '
b To detect evidences of cor®sion is dufficult to achieve 1n glass cells. ~
« 4 In condensates. . ;
e , 2 Stray light effects on the photocell
¢ To determine the effectiveness of are muumized because the sumpler
corrosion treatment measurds,” ' . design eliminates some of the sources
' . ’ ‘ . . of stray light. ) .
C. Varieties of Instrumentation . . ‘ y
‘e ) - ] . 3 Since flowing sample 13 used,
1 Surface Scatter Nephelometers , . "+ interferences from air bubbles and/
. . . or floating materials are quickly
In forward - scattex-mg winstruments, ” eliminated, .
the angle of the intcident light is ) L% .0
. , adjusted to 111ummate the surface 4 This Yesign 18 sensitive to the presence
¢ of a smodth flowing liquid at an angle ; of larger suspended particles,
‘ of about 15 degrees from horizontal,, . - )
\ rather than beamed through a glass + + b_Disadvantage ) . R
. cell of the liqmd as described for'a :
nephelometer earlier 1n this outline,, . As turbxdxty becomes I'ugh penetratxon t
A photocell 18 located immediately of incident light decreases td causg a
ﬁabpve the illuminated area so that falling off of response, 4 e
- vertically scattéred light from . .
turbidity in the samplé reaches it. ’ 2 Absorption Spectraphotometry ' . " ’\\
. e f - ) ‘
i . The'incident light is beamed througha .
. Y .- smootlt, flat stream of sample and thed ¥
: . - y transmitted lLight {in contrast to R
. Y\ nephelometric scattered hghff is measured »
‘ Jb . by a spectrophotometer. A schematic -
‘ - ® * is shown in Figure 5, :
v : . N
Turhidty Porncles =— Photecells) ) :__/.‘I'urb-fr'r Porticles Absorb Light .

“Scatter Light

)

~ & -l
Photocelly Meter '
' Y ToDrons , ' - Figure 5 ABSORPTION SPECTROPHOTOMETRY ’
'S - . » -
Figure NEPHELOMETER Y1l . '
igure 4 HELOM {Surface Scatter) | a Advantages
@ . —
Varlations, of th¢' methodology
‘t include sidescatter and backscatter- ! No glass sample cells are used.
designs. - . . ° "7 2 The simpler design eliminates
‘ a Advantagea . sourcés of sfray light. <y .
' . licabl
-1 No glass anmple cells are , 3 ﬁ};'ll))it;ﬁie: t‘: r:eas;r:h}:;ggis . ’
used, Attendant problems of B e ’ |
. cleanliness and condensation - b Dis
. . - ad
< are eliminated. The surface vantage .
- of the liguid provides a near= - en
. perfect optical surfacehich x . 1 Low sensitivity far many ap%cati?na.
N . i . . . 3 Color constituents interfere,

\)4 b ‘e . .

ERIC . 110 - B i 15-9
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. Vi SUMMARY S - *  instrument design. to find a suitable .-
- ' ' : standargd suspension. and to agree .
Turbidity m'egsu'rements represent the ., . on a meanngful unit, there are still
optical property of light scattering by _~ problems about this measurement. !
suspended Solids. NTUs are an index Instruments meeting the design :
of the effects of the size, etc., of criteria and standardized with '
. suspended particles but cannot be used . Formazin suspensions can give
to indicate mg/L quantities of those | turbidity readings differing
parficles, The pgfameter is required significantly for the same samplé. ¥
for finished potable water and is extreme- !
;.ly useful in reference to aesthetic quality Another problem area is assocmted
(clarity), photic conditions and ther with sample dilutions. Work has
effects in bodies of water. It is also indicated a progressive error on
, . widely applied for process control of . sample turbidities in excess of 40 umts,
water and wastewater treatment and 80 such samples are to be diluted.
of indusirial processes. . / However, obtawning a dilution exactly , .
. g - { representative of the original . 1
There have been difficulties in developing suspension 18 difficult to achieve.
. a satisfactory standard gethod for this . Thus dilutions often significantly fail
« measurement. Early methods depended to give linearly decreased results
on a subjective judgement of an extinction when re-measured.
point where transmitted light balanced ) .. :
scattered light in rather crude apparatus. REFERENCES b
*Although the apparatys was refinedand -~ . I .
standardized to a latge extent, the 1 APHA, AWWA, WPCF, Standard Meghods
. subjectivity of these visual methods was . for the Examination of Water and
stild an ussatisfactory.element of such Wastewater, 14th ed., APHA
methodology. : . 1976., o )
- 1 -
Eventually, optical instrumentation was 2 Nationdl Academy of Sciences, National
L. developed to eliminate subjectivity Academy of Engineering, 1974 EPA
' from the méasurement. Nephelometry revision of Water Quality Criteria,
{scattering) was choseni:r the standard 1972, EPAJ GPO, Washington, DC
method and U, S. EPA stcifigd 20402, # 5501-00520. O
8 several instrument design criteria to -
further promote standardization of the 3 U. S. Governnmgnt, Code of Federal
measurement. Regulations, Title 40, Chapter 1, '
. - Part 141 - National Interam Primary
Finding a suitable (reproducible) Drinking Water Regulations, published
standard suspension has also been a in the Federal Register, Vol 40, No. 248,,
problem. Cyrrently, Formazin is Wednesday, December 24, 1975, .
specified as the standard because, to - . .
date, it is more reproducible than 4  Hellige, Inc., Graphs and Directions for
other suspensions proved to be. Hellige Turbidimeter, Garden City,
) NY, Technical information #8000.
. Establishing a meaningful unit progressed ~ .
along with development of instrumenta- 5 Lind, O.T., Handbook of Common .
tion and agreement on a standard Methods in Limnology, Mosby, 1974.
suspension. The current unit (NTU) is . - . .
der?:ed from the method of measurement, 6 U. S, Government. Code of Federal .
helometry, and use of a standard - Regulations,, Title 40, Chapter 1,
rmazin suspension. ~ Part 136 = Guidelines Establishing
' ' - .-/ N Test Procedures for the Analysis of
Even with the efforts to standardize * . Pollutants, published in the Federal
) 111 Reglster, Vol 41, No. 232, Wedneaday,
- December 1, 1978.

EKCs-\o ‘ oo ,
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Turbidity

Methods for Qhemica.l Analysis of
Water and Wastes, EPA -

~This outline was prepared by Audrey D.

\ Kroner, Chemist, National Training and

Ci.ncihnati Ohlo 45268 19794,

Analytical Qua'lity Control in Water md
Wastewater Laboratories. EPA ™~
AQCL. Ci.ncinpati Ohio, 1872,

-News and Notes for ‘he Analyst, Hach
, Chemical Compang‘{ Ames, lowa,
Volume 1, No. 3.

Sawyer and McCarty, dhemlétry for
Sanitary Engineerb, '\fchraw-Hm

11 Turbidimeters, Hach Chemical Company,,
Ames, lowa, Fifth Revised Edition,

12 Bausch and Lomb,and, Turner of Callfornia
are additional examples (9/77) of models
meeting the Uisted speclfications.

Operational Technology Center, MOTD, .
OWPO, USEPA, Cincinnati, Ohio 45268 .

- *

r

. Despriptors Chemical Analysis.
/' Instrumentation, Secchi disks, Turbidity,
Wasfewater, Water Analysis , ’
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I 'INTRODUGTION . ./
11
An electrical conductivity measurement of a
soiutton determines the ability of the solution
_to conduct an electrical current. Very
wuncentrated solutions have a large population .
of fons and transmat current easily or with t
small resistance. Since resistivity 18
inversely related to conddetivity K = R’
a very c8ncentrated solution has a very
h1gh e1ectr1ca1 conductivity,

Electrical conductivity 18 delermined by .
transmitting an klecirical current through
a given solution, using two electrodes, The
resistance measured is dependent princ1pally
upon the ionic concentration, iomc charge,
and temperature, of the solution although
électrode characterdsncs (surface area and -
spacing of electrodes) is also craticai. Early
experiments in standardizmg the measurement
led to construction of a 'standard cell"
whiéh the electrodes were spaced ex gctly 1 cm
and each had a surface area of 1 cm Using
this cell, electrical conductivity 13 expressed
"Specific Conductance'. Modern specific
conductance cells do not have the sanie
electrode dimensions as the early standard
cell but have a characteristic electrode spacing/
area ratio known as the "cell constant’\.

«_ 1 distance (cm) : 1
X - _-_—_z—-, -
Ksp , R are:;(cm ) sp R X k

. k = cell constant
Specific conductance units are Mhos/cm or
reciprocal ohms/cm. Most natural, fresh
waters in the United States have specific
conductanceés ranging trom 10to 1, 00

micromhos/cm. (1 micromho * 10 mho),

)

SPECIFIC CONDUCTANCE |

* headphones.

II1

I CONDUCTIVITY INSTRUMENTS £
Nearly all of the commercial specific con- o
ductance instruments are of a bridge circuit
design, similar to.a Wheatstone Bridge.
Null or balance 1s detected enher by meter
movement, electron "ray eye' tubes, or .

Since Lesistance is direotly .

,related to temperature, some instruments
have automatic temperature compensators,
although inexpensive models generally have
manual temperature compensatioh.

.
.

Conductivity mnsiruments offer direct specific e

conductance readout when used with a cell
"matched” to that particular insttument.

Electrodes within the cell may become |
damaged or dirty and accuracy may be |
affected; therefore, 1t 1s adv:sable to |
frequently check the instrument’ readings
with a standard KC! solution having a known
specific conductance, v

I" .

S [y

CONDUCTIVITY CELLS ’

Several types of conductivity cellsare

available, each having general gqpplications,

Dip cells are generally used for field

measurement, flow cells for measurement’ |, °~
within a cloged system, and pipet cells for ‘.
laboratory use. Many modificationg of the P e
above types are available for specialized
laboratory applications;-the Jones cells and
fnductive capacitance cells are perhaps the - .
most common,

Exampleé of various cell ranges for the RB3

- Industrial Instruments model (0-50
micromhosy cmn scale range) are in Table 1. .

%
.

\

Relativ? .
o, . Cell  Conductivity Maximum range Most accurate range
Number Valie micromhos/cm micromhos/cm . RN
"Cel V502 1. 0- 50 1 2- "30
' . Cel VS2 10 0-,.500 20- 300
«  CelVS20 100 0 -$5000 200 - 3000 -
/ Table 1 ? . )
L] ‘ n )
COND. 2e, 11.80 - )
E : ; . 16-1
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Specific Conductance

'
)

IV Computation of Calibration Constant

A calibration constamt is a factor by which
scale readings must be multiplied to com=
pute specific copductance.

%

Kyp = M ¥
" where Ksp..z actual specific conductance
‘ r

. ‘c calibration constant .

M n’;eter reading

- \ -
For example, a 0,001 N KCl solution
(147 micromhgs/cm standard) may show
a scale reading of 147.

147

c 147, ¢ = =

147 = 147

1.00

1n th18 case the cell is:perfectly "matched"‘

to the instrument, the calibration constant
18 1.00, and the scale reading represents
" actual .specific conductance. A variety of
cells, each covering a specific range,
may | bé used with‘any one instrument.
However, a calibration conétant for each
cell must be computed before golutions of
unknown specific conductance can be

. determined, .

»

N .

rFa

Vv RELATIONSHIP OF SPECIFIC CON- * .
DUCTANCE TO IONIC CONCENTRATION

Natural water consists of many chemical
constituents, each of which may différ
widely in ionic size, mobihty, and solubility
Also, total constituent concentration and
proportions of certain ions in various natural
waters range considerably. Hower. it

is surprising that for most natural waters
having less than 2, 000 mg/L. ' dissolved
solids, dissolved solids values are c¢losely
related to- specific conductance values,
ranging in 4 ratio of .63 to , 70.~ Of course
this does not hold true for' certain waters .
having considerable amounts of ponionized
soluble materials, such as organic com-
pounds and non‘ionized, colloidal inorganics.

Pruperties of some morgamc ions In’ regard
. to electrical condgctavity are shown below: '

] ‘ micromhoslcm
" Ion « . per meg/L conc.
Calcium ' 52,0
Magnesium 46.6 .
Sodwim * . 48,9
. Potagsium N 2.0 ,
Bicarbonate . " 43.6
Carbonate 84.6 :
.Chloride 5.9

Vi ESTIMATI&N OF ‘CONSTITUENT & _°
CONCENTRATIONS

Generally speaking, for waters having a

dissolved solids concentration of tess than

1,000mg/ L, calcium and magnesium (total

hardness), sodium, bicarbonate and

carbonate (total alkahnity), and sulfate are

he principal or most abundant ions,

representing perhaps 90;99% of the total

1onic concentration of the water. Specific

conductance, total hardness and total .

alkahnfty are all simple and expedient

measurements which can be performed in

the field. Therefore, the remaining principal

ions are sodium and sulfate, and concentrations

&f these can be estimated by empirical

methods, For ¢xample, we fuid that a certain

wat’er'has: . v

. Kgp = 500 micromhos/cm .
Total Hardness ™ 160 mg/Lr 3.20 meq/L
Tota} Alkalinity =200 mg/L ot 3.28 meq/L,

« a8 bicarbonate. .

Next we multiply the specific conductance by
. *0,011 (500 X0.011 = 5.50) to estamate the
total ionic. concentration in mey/L. |

. - * Ths factor may vary slightly for
different waters .

Cations (meq/L) Anions (meq/ L)

Calcium 3.20 Carbonate 0. 00
Magnesium Bicarbonate 3.28
Sodium 5.50-3.20 = 2,30 Sulfate 5.50-3.28 = 2,22

* Total Catiors 5,50 Total Anions 5.50

P ad




Specific Conductance

- )

Realizing that several variables are involved
in empirical analysis, application rests
entjrely upon testing the formula with previous
complete labdratory analyses for that
particular water. If correlation s within
ac¢ceptable limits, analytical costs rmay be
substantially reduced, Empirical analysis
can also be/fised in detgrmination of proper
aliquots%ﬁtion factor) necessary for
laboratory analysis,

Records of laboratory chemical analys:ﬁay
indicate that a particular stream or lake
shows'a characteristic response to various
slreamflow rates or lake water levels, If
the,water's environment has not been altered
and water composifion responds solely to
natural causes, a specific conductivity
measurement may be occasionally used in
substitution for laboratory analyses to
determine water quality, Concentration of
individual constituents can thus be estimated
from a specific conductance value.

VIl APPLICATIONS FOR SPECIFIC
. CONDUCTANCE MEASUREMENTS

A Laboratory O;;erat ions( 2)

1 Checking purity of distilled and de-

foniged water r
. .
2, Estimation of dilution factors for * -
. samples .
P *

3 Quality-control check on analytical , .
accuracy . ~

4 An electrical indicator
B* Agricult'ure'_," .

1 Eyaluating salinity’

2 Estimating Sodium Adsorption Ratlo

C Indumry( ) .

‘ (Estimating corrosiveness of water in
+ » steam bollers

LY
] "

L] . ¥

. 2 Efficiency check of boller operation

D Geology

1 -Stratigraphxc identification and |
« « characterization o

"a geological m'apping ’
b  oil explorations

E‘Bceanography ‘
1 Mapping ocear(f:urrents

2 Estuary studies

¥ Hydrology

1 Locating new water supplies
a buried stream channels (See Fig.
b  springs in lakes and
streams (See Fig. 2)

1)

2 Detection and regulation of sea water
encroachment on shore wells

G Water Quality Studies .

1 Estimation of disdolved solida(z)

(See Section V, also Fig., 3) '

2 Empirical analysis of constituent *
concentrations (See Section VI, also
reference 2) , )

3 Quality control check for salt water
converslon studies

4 Determinatioh of mxxu{g efﬁciency
of streams {See Fig. 4)

5 Determination of flow pattern of
polluted currents ¢See Fig 4) j

6 Identiﬁcatlon Jf significant fluctuations
in industrial wastewater effluents

- »
7 Signal of significant changes {§ the
compositioh of uents to waste
treatment plan .
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' Specific Conductance
-

&

VHI NPDES METKODOLOGY
N

A The Federal Register "List of Approved

Test Procedures' for NPDES require-
-ments specifies that specific conductance
be measured with a seif-contawned
conductunt?r meter, Wheatstone bridge
3)
5

typefl) {2)

Temperature directly affects specific
conductance values {(see Fig. 5), For
this reason. samples should preferably
be analyzed at~¢5 C. 1if not, temperature
corgections sliould be made results
reported as umhos/cm at 257C,

r

1 ]
1 The instrument should be standardized

using KC1 solutions. {See Flg.6) 3

"2 1t is essential o keep the conductivity

cell clean.

The EPA manual specifies using the
procedure as described in Standard

Methoglsp) or in ASTM S.f.andards{s),

These are approved in 40 CFR136 for
NPDES Report pirposes, .y

Precision and Accuracyu)

Forty-one aﬂ'alysts in 17 laboratories
analyzed § synthetic water samples
containing the following Ksp increments

of inorganic salts: 100, 106, 808, 848,
1640 and 1710 microwmhos/cm.

)

.

The standard deviation ot"the reported °
Values was 10 55, 8. 14; 660 l, 79‘ 6; Fa
106 4nd 119 umhos!c_m respectively..

The accuracy of the reported values was
-2,0, -0.8, -29,3, -38.5, -87.9 and

-86. 9 wmhos/cfi bias respectively. .
P : ] -
REFERENCES . v N .

1
/ and Wasgtes, EPA- L., Cincinnati,
. Oho 45268, 1974, .

-

Methods for Chemxcalﬁlysxs of Watex

2 Standard. Methods for the Examination
of Water and Wastewater, APHA-AWWA-=-
WPCF, 14th Edition, 1976.

3 -ASTM Annual Book of Standards, Part, 31,
1975, -

This outline was prepared by John R. Tilstra,
Chemist, National‘Eutrophication Research
Program, Corvallis, Oregon with additions

by Audrey D, Kroner, Chemisty National
Training and Operational Technology Center, .
OW 0. USEPA. Cincinnatl, Ohlo 45268.

Descriptors. Chemical Analysis, Concentratign,
Conductivity, golved Solids, Electrical
Conductance, lons, Physical Properties,Salinity,
Sodium, Specific Conductivity, Sulfates, Water
Analysis, Water Supplies. '
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SCOPE AND APPLICATION,

A Applu.able‘ to surface waters,esewages and

industrial wastes, particularly mine drainage
and receiving streams and other waters
containing ferrous jron or other polyvalent
cations in the reduced state. .

B “Range for a 50m] sample:

10 t0,1000 mg acidity/liter

APPARATUS

A A calibrated pH meter and electrode(s)

B Hot blate : -

L] » -

'l

C Magnetic stirring apparatus

\’)
REAGENTS . -

For a detailed discussion of reagent pre-
paration, consult REFERENCE I.

A Hydrogen Peroxide, 30% solutfon

B Standard Sodium Hydroxide (0, 02N)

(Final normality is determined by standard-
1zation with potassium biphthalate).

C Standard Sulfuric Acid (0, 02N)

(Final normality is determined by standard=-
ization with-sodium carbonate). .

D Ca%bon Dioxide-Free Distilled Water -

Iv PROCEDURE

‘ . v
" A Pipet 50ml of the sample into a 150 ml beaker.

{2) * '

B Measure the pH of the sample. If the pH is

above 4.0 add standard sulfuric acid in 5.0
ml increments to lower the pH to 4,0 or
less. Record the volume of acid added.

~ If the initial pH of the sample i8 less than
4.0, the incremental addition of sulfuric
acid is not reqﬁred. )

C Remove the electrode(a).

(6 Adds drops of hydrogen peroxide and 3 glass

-

\a
SHnALKnhbn 5.11.&_9 4

ERIC

IToxt Provided by ERI

V CALCULATIONS

LABORATORY PROCEDURE FOR ACerl'I'Y .

« boiling beads.-

E Heat the sample to boiling and/a;on,tmue
boiling for 2 to 4 minutes. In’'some insiances,
the concentration of ferrous ironin a
sample i8 such/that an additional amount of
hydragen peroxide and a slightly longer
‘boiling time may be required.

F Cool the sample to room temperature.

G Titrate with standard sodium hydroxide,
using a pH meter and gentle stirring, to
pH 8. 2 ’ '

H Record volume of standard alkali used in
in the titration.

A Acidity, as mgl&;§;603=
[ (AxB) - (CxD)) x 50, 000
ml sample

where:
A = vol. of standard alkali used in titration
B= normality of standard alkali

C = volume of standard acid used to reduce
pH to 4 or less

D = normality of standard acid
50 = equivalent weight of CaCO3

1000 ~converts ml to liters -
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Laboratory Prodedure for Acidity . -

»

REFERENCES _

1 Standard Methods for the Examination of
Wategp and Wastewater, 14 ed., 1975,
APHA ~ AWWA - WPCF, Washington,
D. C., 20036, p. 276, ~

2 Methods for Chemcal Analysis of Water
and Wastes, 1874, EPA - MDQARL.,
Cincinnati, Ohio 45268, p. 1.

This outline was prepared by Audrey D\

Kroner, Chemist, National Training and
Operational Technology Center, OWPO,
USEPA, Cincinnati, Ohlo 45268.

1

Descriptors: Acids, Acudity, Analytical
Techniques, Chemical Analysis, Lahoratory

Teats, Neutralizatipn, Water Analysis

A r,

44
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- LABORATORY BROCEDURE FOR TOTAL ALKALINITY > .
~ \ -
I SCOPE AND APPLICATION F _Calculate the nérmality of the acid titrant .
Y ¢ . as .follows e -
A Applicable to. drinking. surfade and saline, A S 3
waters. domestic and industrial wastes. . - A= 'O_TKETC : -
B" Suitable for all concentration rangea. however® - .. , * . 3

appropriate aliquots should be used to avold
a titrant volume greater than 50 ml, °

-t

II  APPARATUS

A A calibrated pH meter and electrode(s)
. o * \ - v
B Magnetic stirring agp;ratus

<
o

Ré:AGEN'rs

For detailed discussion of reagent preparanon
consult method reference 3,

114 ¥

A

-

A Carbon Dioxide - Free Distilled Water . B

B Standard Sodium Carbonate Solution
'] ) i - C
C Sulfuric Acid or Hydrochloric Acid Titrant
(0.02N) Final normality is determined by
' standardizatioh with sodium carbonate, ™
Iv STANDARDIZATION OF THE ACID
TITRANT

A Set the temperaiure reading on the pH
’ meter dial to match the temperature of
. the buffer and sample solutions,

. ' l -

B_)dpdardlze the pH meter against a
reference buffer-solution. Check agdinst
” a second buffer solutfon, , }
. .
C Weigh accurately 0,088 + 0.001 g of the
- dried sodium carbonate and transfer it to
a 500 ml conica_l flaak_._ .

‘D Add 50 ml of water and swirl to dissolve
the carbonate, - “

E While stirrlng {he-solution (magnetlc bar L.
and stitrer), ad® the gulfuric or hydrochloric
acid titrant from a 100’ ml buret until a
“pit of 4.5 is attained.

. . s
- L

v

A.= normality of the acid titrant
B= gof sodium carbonate used
' i . Y

C = ml of acid consuméd
0.053 = mlliequivalent weight of Na,CO,

PROCEDURE @

»

Pipette 50 ml of the sample into a 150 mi
beaker.’ ~

2

Titrate with the acid titrant. using a pH
meter and gentle stirring. to pH 4.5.

Record volume of etanda‘rd acid used in
the titration.

CALCULATIONS s . -

Total alkalimity as mg of CaC03/ L

v AxNx50000 *. -
SRR

-

A = m] of standardized acid titrant
N*= N of standardized acid titsant \
f

B = ml of sample~"
50 = Mweight of CaCO3 |

f"lﬁg - c\onverts ml to liters )
I
« r -
- s
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M}g&imﬂ_ﬂre {for Total Alkalinity

; . T ' 1.
REFERENCES I . v . s
¥ Methods for Chemical Analysis of Wate‘r
and Wastes, EPA-MDQARE, Cincinnati
Ohio §5268. 4974, p. 3,;
l
2 Standard Methods, for the Examination of
Water and thtewater, 14th ed. 1975, ’
p 2781 - .

3 Book of ASTM Sta.ndards Part 31, 1975.
£. 11,

This outline was prepared by C., R. Feldmann,

Chemist, National Tralning and Qperational

Technology Center, O¥PO, USEPA. Cincinpati, '

Ohio 45268. : . -
L] i ‘

Descriptors; Alkalis, Alkalinity, Analytical

Techniques, Chemical Analysis, Laboratory

Tests; Neutralization, Water Analysis b 4
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LABORATORY PROCEDURE FOR TOTAL HARDNESS

! REAGENTS,

. A BufferSolutfon: o .
1 Dissolve 16.9 g of NH,Cl 1n 143 ml of
.conc. NH4OH. ’

2 Dissolve 1,179 g-of analytical reagent
grade disodium ethylenedia e tetra-
acetic acid dihydrate{Na, EDTR* 2H,O)
and 0,644 g of MgCly 8,0 in 50 24 of
distilled water., -

3 Add tie solution from (2) to the solution
from (1)'with muxing, and dilute to 250
ml with distilled water., Addition of
small amounts of Na,EDTA+ 2H O’or
MgCl,.6H_O may be necessary?to attain
exact equigalence. -'

e - ’ )

4 The buffer should be stored in a plastic
or resistant glass container tightly
stoppered to prevent CO,_ absorption
and NH_ loss., Discard %he buffer when
i6r 2 mil added to the sample fails to
produce a gH of 10,0 + 0,1 at the end
point of the titration. '

‘B Inhibitor: .

1 Most water samples do not require the |
- use of an Inhibitor. In the presence of
certain interferring lons, however, an
. inhibitor may be needed to sharpen the
endpoint ¢olor change. Several types
of inhibitors may be prepared or pur=-
*  chased. See Standard Methods{l) for
o discussion and cholces.
C !ndlca}tor:

_ 1 Eriochrome Black-T dye {EBT) i8 use~-
ful for the determination.
clal ngades or laboratory formulations

" of the dye are also(ﬁat_lstacwry. See,
Standard Methods *’ for other commercial
equivalents,

2 Prepare the indicator in dry pwder
form by grinding together 0,5 g of the
dye and 100 g of NaCl. ' :

. o
o CH, 'HAR. lab. 3b.11.80 . *

ERIC

IToxt Provided by ERI - .

Other comm

< r

D Standard-Calbium Calcium Carbonate. CaCOs.

I

w 1.000 g of gnhydrous, primary
slmrd grade Cgta and transfer it to
a 500 ml Erlenmeyer fladk. Add 1.1 HC]
~{equal volumes of eonc. HCl and water)
dropwise and with swirling of the flask
until the CaCQ,, has dissolyed Bring
the volume of ?iquld to about 200 mil with
water, boil.a few seconds to dispel CO,,
cool, and add a few drops of methyl re
indicator. Adjust the color of the solution
to an intermediate orange by the dropwise
addition of 1.1 HC1 or 1.4 NH OH (1 volume
of conc. NH OH + 4 volumes of water).
Transfer the solution quantitatively to a
one hiter volumetric flask and dilute to the
mark with water. (1.0 ml = 1,0 mgCaCO,)
2 N
Dissolve 3.723 g of the dry reagent grade
Na,EDTA- 2H O in distilled water and .
diliite to 1 liter. 1.0 ml of the 0,01 M -
solution = 1,0 mg of CaCO,. Check the
concentration of this solution by titration

against the standard calcium carbonate
solution as describag_m 11 below.

Na,EDTA. 2H20 {0.01 M)-

STANI?{}R.DIZATION OF THE NazEDTA-
2H20 Sy

Pipet 25, 0 ml of CaC@, standard into
either & 125 ml Erlenmeyer flagk (if a
combination pH electrode 18 to be used) or
a 150 ml beaker {if two electrcﬁs are to be

~

-

used). .
Add 25 mil distilled water-se-the volume of .
C\::.CO3 is about 50 ml. .

Place the containér on a stirring mechanism,
The solution fhould be stirred continuously
for the remaining steps of the titration.

Add 1 to 2 ml of the buffer solution. T
L e

Check the pH of the mixture and ensure that

it 18 10,0 + 0,1 Add drops of buffer solution

"if necessary. (The pH meter should be "

callbrated for.use at this pH before you do

this‘step).

1 Yn rb;
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Laboratory Procedure for Total Hardness

g .
F Add approximately 0,2 g of the indjcator. REFERENCES ‘r ) J
A measuring scoop cani®be used. o pfj . }
.- . 1 Standard Methods for the Examination I
G Add the Na,EDTA-2H,O slowly and with of Water and Wastewater. 14th Edition, .
stirring u.nﬁl the color changes from a APHA-AWWA-WPCF, 1975,
ros€ to a blue color. The color change . .
i8 more easily seen if the titration is - 2 ASTM Standards, Part 31, Water, 1975, I
carried out {n daylight, or under a day- . -
light fluorescent lamp and against a white 3 Methods for Chemical Analysis of Water
background. If the color change i8 not . and Wastes, 1974, Environmehtal Protection
sharp, repeat the dete:rmination using the Agency, EMSL, Cincinnati, Ohio.
inhibitor. If the ehdpoint is still not sharp, . .0 :

prepare a fresh supply of indicator.

. " This outline was prepared by C. R. Feldmann,
H The titration should take less than 5 minutes, Chemist, National Traiunng and Operational

measured from the time of buffer addition. Technology Center, OWPO, USEPA, Cincinnati,
) Ohio 45268. )
I In an analysis of this type it is adyantageous . .
to carry out a preliminary, rapid titration Descriptors, Calcium, Calcium Carbonate,
in order to determine approximately how Chemical Analysis, Hardness, Lyboratory
much titrant will be required. This is Tests, Magnesium, Water Apalysis, Calcium

accomplighed by adding the Na,EDTA*2H,0 Compounds, Analytical Techmques
at a fast dropwise rate until the color change . ¢

s is observed. .
11 PROCEDUREY ’
\-a-)

Repeat steps II A through II I using sample .
in place of CaCO, standard. The amount : +

of sample taken should require less than 15 e

of NazEDTA° 2H20 titrant.

IV CALCULATION - A / , -

.

A Standardization of the NazEDTAoz}izO:, .
ml of C:;\CO3 equal to 1,0 ml of the NazEDTA° 2H2’, /‘
. i

ml of CaCO3

cB - .
ml of Na,EDTA 2H20 required for titration _ = ‘ '

B Total Hardness ’ -

A x B x1000
ml of sample

< Hardness as mg CaC03IL=

A = mlof Na,EDTA *2H,0 for titration of sample

B =z the value obtained above. -
. - 123
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AMPEROMETRIC DETERMINATION OF TOTAL RESIDUAL CHLORINE

k4 (BACK TITRATION FOR WASTEWATER SAMPLES)
: ’ L R
) ~
: 4
I SCOPE AND“AI_)PLICATION_- C Sensitizing Electrode and Agitator
A This method 18 for the determination of The apparatus can lose 1t8 sensitivity
total chlorine re%?al in domestic" waste~ to 10dine. .In this case, the pointer will
, vater samples. oy ’ not come on scale even when the adjusting
. ) knob 13 turned completely clockwise, Use
B It {s applicable. for concentrations of the following steps to restore sensitivity.
1to 10 mg Cl/liter, This range can be ’

extended by dilytion of the sample. .
1 Put about 150 ml of water containing 1 to ¢

. T, .. 2 mg/lter available residual chlorine into
II APPARATUS 2 sample cup. (lodine solution diluted to a
' . . yellowish color can also be used. In this
A End-pownt detection apparatus «onsisting . case, omit steps 3 and 4).,
of a.cell unit connected to 8 microammeter, 2 Place the cup on the assembly, immersigg
with th(f necessary_electrical accessories, the electrodes and agitator. . .
1 Metal electrodes must be cleaned . 3 Add potassium 10dide crystals to the same
occalenaHy with a suitable abrasive. water.
2 The salt: bndge must not be plugged 4 Add 1 ml acetate buffer solution, pH 4, 0.
with deposits. .
‘o . 5 Turn on the agitator for about 3 mihutes. .
. 3 Some unfii&‘solVed salt should be in : . . .
the reference electrode solution to ) 6 Then allow the electrodes and agitator to
. ensure constant (saturated) composity remain immersed for about 15 minutes.
Fill thé;chamber about 2/3 full apdadd
enough }vater to generously cover the 7 Rinse them thoroughly with chlorine -
tablets.” Then plug the cell uhit uito the demand-free water or the sample to be
" titrator apd allow to stand-for 24 hours tested.
immerged in about 200 ml of water or . / '
! sample tontained in & sample cupl)to estab- p Conditioning Sample Cup , |
lish equilibrium of the reference electrode. ' . .
. T, 1 Fill glass sample cups with water containing
4 When mog¥ of {fie tablets are used up, f., . at least 10 mg/liter residual chlorne, .
‘wash out the cell, clean the metal,
electrodes-and reflll the chamber - 2 Let stand for three hours or more,. P
as above, . - " -
S ’ / ’ ’ - -
- . . 3 'Rinsge thoroughly with chlorine-demand-
5 When ndt In use, either store’he . free water. / T
cell immersed {n 200 ml water or . .
/sample solution, Qr else remove . )
. all electiolyte and.store it dry. 1 REAGENTS .
. Y A 0,0282 N lodine Titrant
B Agitator - v . = .
¢ oL N This solution can be purchased, but its concen=
This part of the apparatus provides rapid . tration should be chgcked and, if necessary,
and thorough mixing of the titrant and test adjafted to 0,0282 N. (Otherwise, change the
materials, and ‘also produces & continuous calculation formula), ,
flow of the mixture past the electrode. . ) A\
; 1 o

wll Toxt Provided by ERIC

]:KCA CL.1.11.80 £ 126 7 g0m .
) ¢
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Amperometric Detarmination of Total Residual Chlorine (Back Titration for Wastewater Samples)

]
-

“ 3

4
To prepare {t, consult reference 1 f?x’ details
of- the following; -

1 'Prépare 0. IN arsinite solution. This
. aolution is very TOXIC. Avoid ingestion.

2 Prepare 0. 1N lodine solution. standard-
izing it with 0. IN arsenite solution.

3 Prepare 0.0282N 1qdme titrant by diluting
the correct amount of 0. IN 1odine gplution,
Store 1t in amber bottles or in the dark,
and protegt it from direct sunlight at all
times. Avoid its contact with rubber., '
Even with precautions this dolution needs
a normality check with 0. 1N arsenite
solution each day of use, See reference I
for details.

4 NOTE: 0.0282NIodine has two uges It is -
used to standardize phenylarsjne oxide
«solution andpt 18 used as a titrant in tests
conducted with either phenylarsine oxide
or sodium thiosulfate solutions. If sodium
thiosrlfate solution is to be usged in the
test, an alternative titrant is 0. 00564N
{odate solution. It is male with primary
standard grade potassium‘icdate.
1 has preparation details. .

a If you choese to use iodate titrant,
prepare 100 m110% phosphoric acid
solution.

N ¢S
B Stareh Indicator Solution
This solution {8 used to standardize phenyl-
arsine oxide solution. It is also used for
tests coneucted with {odate titrant,

See reference 1 for preparation details.

0.00584N Phenylarsine Oxide (PAO) Solution
# + L]

1 ml = 1 mg/l.available chlorine in a 200 ml
sample. This solution can be purchased,

but its cqucentration should be checked and,
i neceu&atdjumd to 0. 00564N,
(Otherwise, change the calculation formula).
"To prepare it, consult reference l for details
of the following:

1 Prepare approximately 0.00564N PAQ '
-~ golution.

A

Reference

D

-

. ' _
/
2 Adjust to Tinal normality using results
of titrating 0.0282N1odine titrant
{starchsindicator},

3 This PAD solution 18 very stable, It
is also véry TOXIC. Avoid ingestion.

4 NOTE. Alternatively, reference 1has
details for preparing and standardizing "’
0.1N sodium thiosulfate solution, aging
it. then diluting it to a D, 00584N solution.
This solution 18 unstable. It requires
preservatives and daily standardization.

Potasslum lodide Crystals or solution of
5 parts potassium 1odide in 85 parts distilled

water.
Acetate Buffer Solution, pfi 4.0 I
This solution can be purchased,

Consult reference 1 for preparation detais.

PROCEDURE2

These steps utilize 0, 00564N phenylarsine .
oxide and 0, 0282N iodine titrant.

A Titrator .

1 Plug the titrator int6 a source of 110 volt,
single phase, 60 cycle ac power. .
2 Check that the cell tontains saturated
electrolyte solution according to IIAS
above,

-

F

3 If necessary, sensitize the electrodes
and agitator according to {IC above.,
2 !
4 If necessary. condition the sample cup
according to IID above.

5 If applicable.to the apparatus, add
phenylarsine oxide splution to the titrant
reservior, screw it onto the reagent pump
unit, and insert a 5 or 10 ml pipet in the
assembly. Fill the pipet with PAQ beyond
the zero mark. then drain to the zero
fnaxk. This fills-the delivery tube fo the *
sample cup.

-

-y
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Amperometric Determination of Total Residull Chlorine (Back Titration for Wastewater Samples)

-
4 .

» . LA . 3

B Preﬂation of Test Mixture ! ) When a drop of 1odine causes a permanent
. ! de?nection of the pointer to the right, you
1 if the sample cup is in place on the have reached the end point.
titrator, remove it. Empty any contents X ) o
and thoroughly ringe it and the cell unit. 3 Record the volume of iodine golution
, . used to reach the end point.”
2 Measure 200 ml of the sample and care- ‘
‘ fully pour it into the cup. 4 Unless the sainple contains alum, leave
T ‘ ) ' it in the cup.to keep the electrode assembly
3 PBlace the cup on the tatrator with'the . 1n readiness for other tests. If alymn 1s
top edge behind the cup guide post and present, use distilled water to rinse the -
with the bottom resting on the support cell unit two or three times. Fill the
provided. The tip of the plastic tubing- ‘sample cup with distilled water and
| to dispense the titrant should be in the place it og theé taitrator to store the cell
' . cup. unit, )
e 4 Tarn the switch on to start the agitator. V CALCULATIONS

5 Pipet 5.0 ml 0, 00564N phen}ldrsine oxide A Formula:
{(PAQ) solution into the sample, (if 5-10

mg Cl/liter is involved, add 10.0 ml of - mg/L CI' = (A-5B)x 200
the PAO). . . C .
, .
6 Add pH4 acetate buffer solution to reduce A = ml 0, 00564 phenylarsine oxide solution
i pH to 3.5-4,2. Usually 4ml is sufficient, B = ml0.0282N fodine titrant

C = ml sample
7 Add about 1 gram potassium iodide crystalsy )

or an eyedropper full of potassium-iodide Refer®nces
solution. . ’
1 Standard Methods for the Examnation of
C Titration . . -Water and Wastewater, 14th edition, 1875,
- p APRA-AWWA-WPCF, 1015 18th Street,
1 Ratate the adjusting knob so that the .- N. W., Washington, D,C., 20036. pr318.
microammeter polnter reads about 20 .
¢ on the scale. (The reason is to havea } 2 Instruction Manual, Amperometric Titrator,
reference point). . Wallace and Tieman Belleville, New Jersey

- & 3 - 071090
‘. 2 Ugeal ml pipet or a bureslwith offset .
tip), graduated in tenths or hundredths,

———

to add 0,0282Niodine titrant in small, + This oufline was prepared by Audrey D, Kroner,
increments. (Note. Do -not use the ! Chemist, National Training and Technology
pipetting apparatus incorporated in the Center, OWPO, USEPA, Cinginnati, Ohio
instrument, Plastic components may .| 45268 "

. react with the iodine'solution and change
its atrength).‘ .Descriptors: Analytical Techniques, Chemical

: : Analysis, Chlorine, Laboratory Tests, Water
During the addition of iodine, the pointer Analysis 4 L '
' will remain practically stationary untit . ’ a
Py the end point i8 near. At that time, each .
+  dropwise addition of {odine causes a .. ‘

temporary deflection to the right, then
the pointer returns to the original position.

.
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) USE OF A SPECTROPHOTOMETER’ ,
2 (/" o - P
. ) . \
1 SCOPE AND APPLICATION the light path length 1n the A
) J LT available spectrophotometer, ’
A Colorimetry® g . - . because it is inversel)_' related
’ . ‘. to the usable contentrations in .
L Many water quality tests dependon a » the test. ({ongerpath lenkths
» treating a series of callbratxon standard detect lower concentrations).
% solutions which contain known concentra- -~ 7
. tions of"a constituent of interest, and afso 3 NOTE For National Pollutant \
\ the sample(s) with teagents to produce a Discha ge Elimination System
colored solution. The greater the concen- - )(pe t) or for Drinking Water . .
tration of the constituent, the more intense Regulations test requirements,
_ will be the resulting color. A spectro- check with the 188uing/report .
photometer i8 used to measure the amount’ agency before using light paths
N of hght of appropriate wavelength which 1s {cells) that differ from the length -
abs.orbed by equal "'thicknesses” of the specified 1n the appfoved methoc_i')_
. solutions. Results'from the standards . If you have permission to use an
are used to construct a calibration {standard) aitérnate path Iength, cbncentra-
. . curve. Then the absorbance value for the , . tions for the tést can be adjusted -
sample 18 located on the curve to determing . dccordugly. These adjustments
the corresponding concentration.: are discussed wn.IV and 1h VII (below).
. I 2 - -
B Lambert Beer Law . :
) . LI Nl PREPARATION OF 'I‘HE SPECTRO -
States the applicable relationships: . PHOTOMETER _ \\)
A=zebec . A Phototube/Filter .
1. A = absorbance . I May have to choose a phototube for
. use above or below a particular
.2 e = molar absorptivity : wavelength. .
i 3 b= light path in cm - 2 A filter may be required.
4 c = concentration in moles/liter i 3 If the available instrument involves
’ a choice, check that the phototube
/ ) ¥ (and filter, if applicable,) required
. 1 APPARATUS ‘ for the wavelength to be used is in .
N ' o 9 the instrument. -
A Requirements ’ .
* . 4’ Always handle and wipe ‘off the
&re given as part of the method write-up . phototube and/or filter with tissue
. to avoid leaving fingerprints. *
1, The applicable wavelangth is ‘
specified. The unit used is B Cell compartment
nanometers (nm). - : . ~
) ’ 1 This area must be kept clean and
2 The light path (cell dimension) . . dry at all times.
- is often open-ended, e.g., 'one ’
~ cm or longer." One must know .
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USE OF A SPECTROPHOTOMETER

b -

~

C Cells, .

LY
-

1 A set must "matdh" each otl;gr
w pptical properties. check
-, this, use the same solutwon at
« the same wavelength, am verify
that the absorbance value is the .

same for each cell.
s

2 Alternatively, a slngle’ceil can
. be used U it is thoroughly ringed
af;ir each reading. .

3 Instrument cells should be free
. of scratches and scrupulously
clean.

a Use detergents, organic
solvents or 1-1] nitric acid-
water.

b Caustic cleaning compounds
might gtch the cells.

¢ Dichromate solutions are

. not recommended becauﬁe

. - of adsorption possibilitieg.

, d Rinse with tap, thén distilled
water. . )

e A final rinsing and drying with
alcohol or acetone before
storage is a preferred practice.

.
x

D Warm-Up

+ @

1 Plig in the power cord.

2 Turn the power switch on and g.l.ve '

it an additional half-turn to keep
the needle from "pegging. "

3 ' Wait to use-until the recommended

warm=-up time has passed. Any-
where from 10 to 30 minutes may
. be required. * .

4 1f the instrument drifts during
. zeroing, allow a.longer time.

. .

13

E Wavél\;ngth Alignment . |

I

¢ .

‘One reference is the known, maximim
absorption for a dilute solutu:g of potassium
permanganate which has a dual peak at
526 nm and 546 nm. Use 2 matched cells for the
following steps! .
! Prepare a dilute solution of

potassium permanganate (about

10 mg/L}., ’

2 ‘Follow, the steps in VI A, Zerowng' °, .
Operation, using a wavelength of
510 nm, and distilled water as a

"reagent blank." Keep the water in the cell
during this entire procedure.

3 Rinse the matched cell wo times
with ap water, then two times with
the permanganate solution. *

4 Fill the cell three-fourths full
with the permanganate solution. Keep the
permapganate solution in this cell during this ¢

entire procedure. ]

5 Thoroughly wipe the cell with
a tissue. Hold the cell by the
top edges,

~ ’ ’

6 Open the cover and gently insert
the cell, aligning 1t to the ridge

as before. . . ]
' -

»

7 Close the cover,

»

8 _;Record the wavelength and the
absorbance reading on a sheetof . -

paper. . )

P Remove the cell of permarganate
solution gfil close the cover.

10 Set the wavelength tontrol at the \
next graduation (+ Som). -

11 If the needle s not at Infinlte ~

(symbol o) abso.rbance. use_the

left knob to re=-set it. .

LY

Insert the cell containling dlstilled -
. water using the techniques noted ln
5, 6 and 7 above.

12

13 If neccssary, use the right knob
. o re-set the needle at zero absorbance.

14 Remove the cell and insert hé cell
of permanganate golutiop uslng the
techniques noted In 5, 6 and 7 above.

+
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' / ' USE OF A SPECTROPHOTOMETER
1 , . . ‘ - » i .
15 Récord tne wavelength and the v path length. You will have to test v .
o absorbance reading, if the range 18 applicable to your :
. b * : instrument by preparing the given !
) " 16 Repeat steps 9 through 15 above v concentrations, obtaning absorbance
unt1l absorbance readings are . values for them_and checking the ’
recorded at 5 nm increments ) results according to section VI{
. from 510 nm through 560 nm, ° (below), )
/ 17 Make a graph plotting absorbance B Preparation .
readings against wavelengths, -
. With very good resolution, there The calibration standards required for
’ will be two geaks - one at 5 5 nm , spectrophotometnc meéasurements are so <
and one at 545 nm. A singje flat dilute, that they are commonly prepared by

diluting stronger solutions. These are des= |
cribed 1n general terms below. Weights and |

volumes involved{in preparing these solutions |
for a specific test can be found 1n the method |

topped “peak' betweén thege two .
wavelengths 18 acceptable)

18 If the maximum absorbances eak(si

. occur below ot above 526 nm bdr . write=up. \
546 nm, and at a number. of scale P . |
k ‘ units different from the stated , ’x Stock Solutions .
mnstrumgnt accuracy, the wavelength
control is misaligned. To compensate a Prepalrle by weighing or m_easuring |
for thid until the wnstrument can be . . a sr:\aa;n[;m&unt ofa chemtcal‘ |
. serviced, add or subtract the error . f:tn t g d € conftituent of ? » ' |
T e scale units when sectting waveleng’ths- erl'es and dissolving 1t to a"
. for subsequent tests, b3 one iter volume.
. . b Common 8tock solutions have .
- . _———Toncentrations in the range of *
A ] Iv |C£»\LIBRAT1(.)N STANDARDS ‘ ] 0.1 “{ 1.0 mg/ml. . ' .

4
A Reguirements . © Most aresrefrigerated for storage _

and some are further treated by .
adding a preservative. 'Many are
stable up to six months.

A set of calibration standards is required,
with concentrations ugable in the available
spectrophotometer cell {light path length).

\

|

-~ . * ” }

. 1 The method reference may provide Standard Solutions ’ |

a table of ¥ight path lengths and = ‘
the corresponding applicable con= a Prepare by diluting a stock .

centration range for calibratfon . solution (at room temperature.. ‘

standards, so one can choose the Common volumes are 10.0 or 20. 0 ml |

range required for his instrument of stock diluted to one liter. |

cell or sample concentratio.n. b Resulting standard solutions haye ‘

\

concentrations in the rangc of

2 TheWnethod reference may give . 1.0 to"10. 0 ug/ml. .

directions for preparing one range

< of concentrations for a given llght_ ¢ Although some standard solutions

path length. If your cell provides /  may be stable for a period of time,

a different length, your concentration
requirements can be easily calculated itisa !'e;:)mmen:l:d:ractice to
e by recalling that the light path length prepare them on the day of use.. ,

. is inversely related "to concenfration.
Thus, if your cell is twlce the given 3 Calibration (Wérking) Standard Solutions

path length, you need the given con- * 3 Prepare by diluting a standard
centrations divided by two, solution. Usually a set of cali-
; . bration standards is required

* 3 The method reference may give so that resulting concentrations
directions for preparing only one, give five to seven results within .
range of concentrations for the the scnsitivity limits of the instru~

Q calibration standards, and then , ment., Common volumes are 1 to 10 ml
EMC not be specific about the associated : 1 310f standard solution diluted to 100 ml.

21-3
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b Resulting solt;tmhs might
have concentrations in the
range of 0,01 and 1,0 ug/ml.

¢ A reagent blank (distilled
water) should be included
in the set of standards.

Adjustng éoncentrations

a. You may find 1t necessary

to adjust preparation quantities

given in the method write-ups
because your cell (light path
length) differs from the
example.

b These adjustments are
discussed in A Requirements
(above), and are usually
applied to the Standard
(intermediate) S‘olution.

RN

L
C Chemical Tréatment

"

Most colorimetric methods
require that the calibration
standards {including the
reagent blank) are to be
treated a8 the sample. Thus,
they are to be processed
through pretreatments and
through the test as if they

were samples. Then any

test effects on sample results
will be compensated by the
same effects on results ob-
tained for the treated standards.
One should be aware that pH is
a critical condition for most
colorimetric reactipns.
Ordinarily, a pH adjustment
is included in the test method
and reagents include chemicals
to control pH., Thus,the pro-
cesaed standards correspond to
the samples regarding pH, and
thus they correspond in degree
of color development. If stand-
ards are processed in some
other manner, they must be

pH adjusted to correspond to
the samples at the time of
color development.

alt

S

\A Concentration Limits

, may be required to accomplish this.

B

(2N <

The concentration of the sampie must p
result in an absorbance within the range -
of the calibrdtion standards, i.e., accu-
rately detectable 1n the light path provided
by the instrument. A dilution before analysis
Itis
not accurate to dilute a sample after pro-
cessing in order to obtain a usable absorb- °
ance reading, ’
1 Record dilution volumes so a dilution
factor can be calculated and apphed
to resulis. ‘
AN
2 An analyst often has a good estimate of
the expected concentration of a sample
if s/he routinely testa samples from
the'same source. In this case, a single
. dilution, tf any, 18 usually suffigi¢nt.

\

3 If a sample is from an unknown source.
the analyst has séveral choices.

a Process the sample. If the reading
shows it i8 too concentrated, dilute *
it until you get a value in the usable
range. This resul not accurate
enough to report,; " but you now know:
how to dilute the sampfeffo process
it through the test to get uaable re-
sults, Y

i
b Prepare at 1dast a2 50% dilution and
. analyze it plus an undiluted aliquot..

¢ Prepare a variety of dilutions. ‘
d Use some other analytical method
to get a rough estimate of the e -
pected concentration. b
Fina]l Volumes
1 Dilute to a final volume gufficient to ringe

the measuring glassware and provide the
test volume cited in the referenced method.

&

|
2 Save afiy undiluted samp}e. . i
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Vi PROCEDURE FOR USING A SPEC TRO-
. PHOTOMETER

. L

A «Zeroing Operation - -

The following steps have been written

for spectrophotometers used in this

course. Check the manual for the

availgble instrument for the steps

—w~. applicable for your wark. .

" 1 Set the wavelength control to
the setting specified for the
standards you are testing.
Approach the setting by be-
ginning below the number
and dialing up to it. | .

2 If a<ell is in the holder, re- .
move 1t.

3 Close the cell holder cover.

4 Turn the power switch/zero
control (left) knob until the
needle reads infinite (symbol o )
.absorbance (on the lower scale).

5 Rinse a cell two times with
tap water,_two timgs with
distilled water, then two
times with the reagent blank
solltjon. .

6 Fill the cell about three=--
fourths full with reagenf
*blank solution. -

7 Thorpughly wipe the outside .
of the cell with a tissue to
remove fingerprinta and any
spilled aolution. Hold the
cell by the top edges.

1
4

8 dpon the cell‘ holder cover and
gently slide the cell down into
the sample holder.

9 Slowly rotate the cell until
~ the white vertical line on
the cell {2 in line with the
ridge on the edge of the
sample hglder.

L]

USE OF A SPECTOPHOTOMETER/ .
s r .

10 Llose the cover ard turn the light
control (right) knob until the needle
reads zero absorbance (on the®
lower scale). i .

-

11 Record an absorbance of zero for
this zero concentration et)lution on
a data sheet. (See next page).

12 Slowly remove the cell apd close the '
cover. (No solution shoyld spill 1nside
the instrument):s Kéep tke solution in
the cell. !

« 13 The needle should réturn to the nfimte
absorbance Betting. [t 1t does not: . ‘

/ -
a Reset the needle to t?e ¢ absorbance

* mark using the powey switch/zero
(left) control knob. | .
b Re-test the reagert blank solution
. using a\teps 7 through 12 above. . |
] -
. ¢ If the needle does not return to the
@ absorbance rark, another setting |
as noted in a. and b, 18 required.
Additional warm=-up/time may be .
necessary before these Settings can '
be made. . :

|
f

B Reading Absorbancds f
Using a single cell in thé spectrophotometers
used in this course

1 Discard any solution in the cell,

2 Rinse the cell two times with tap water.
and two times with distilled water. Then
rinse it two times with the lowest concen-

_ tratibn standard remaining to be tested.

or with processed sample. .
3 Fill the cell about three-fourths full with
the same standard or sample.*

4 Usea tissue to remove any fingerprints

from the cell and any droplets on the
outside. Hb1d the cell by the top eng >, ¢

5 Open the cell holder cdver and gently
slide the cell down into the sample holder.

L4 -




-~ USE OF A SPECTROPHOTOMETER

8 Slowly rotate the cell until the
white vertical line on the cell
is in line with the ridge on the
edge of the sample holder.

7 Close the cover, "

8 Record the concentration of -
N the standard and 1ts absorbahce
. on a data gheet, {For a sample,
record 1its identification code and
1ts absorbance on the data sheet).

L ¥ .

LI ] >

DATA -SHEET
[Concentration Absorbance
mg/liter }
p 0,00 '
BEAMPLE:-
BAMPLE
. -

9 Repeat steps 1 through 8 (above) for
each standard and sample to be
tested. If a large number of meag~
urements are to be made, check the
instrument calibration every fifth
reading. -

) a Usge another aliquotofa ==
v solution already tested to
gee If the same reading is
. obtained. If not. repeat the
»  zeroing operation in A (ahove).

b Alternatively, you can usethe -
blank, if supply permits, and,~

. rgpeat the zeroing operatio?/ .
™ in A, (above). oo

10 When all the readings have been
obtamned, discard any solution . .
remaining in the cell and rinse :
the cell with tap water., Clean
the cell more thoroughly, (IIf C.3}, . .
ag goon as possible,

, ¢

11 If no other tests are to be done,
turn off the mnstrument, pull out P!
the plug and replace any protective

. covering., '

vii CHECKING RESULTS
A Readwgs Greater Than 0,70 . A\

On our mstrument, these are considered
to be mnaccurate. Check the manual for
your mstrument or check the scale divi-
stons to determine.the hmat for other
models. Y
\ » —

1 Do not use readings greater than

0.70 to develop a'calibration curve,

2 From fivg to eight points {counting
Zero) are recommended for constructing
a calibration curve, If you have fewer
than five ble valu¢s, you should not
draw a curve., ’ . .
3 To prevent excessively high values
in future tests, decrease the cell
path 1éngth, if possible, by.using ]
an adapter and smaller cell,

4 1If you cannot decrease the cell path_}
. length, you can at least obtain

i . enough values to construct a curve, *
Prepare standards with five to eight
concentfations ranging from zero to
the concentration of the standard -
having an abgorbance nearest {a.90, 70,
This glves you more values fpr a curve,
but it reduces the applicable range of
the test, Usually the sample can be |,
diluted before te‘ﬂﬂng so the result,
will fit on the standard curve.

-

B Highest Reading is Less Than 0.8 {

1 Increase the cell path length by using *

-a larger cell. A higher reading results, -

’A‘—-\g»_,/- l

2 Prepareu different set of standards
with greater concentrations. .

*
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. A .

L}

) T

- VIH GONSTRUCTING A-CALIBRATION C Absorbance ?xxs .
' , CURVE . . |
. 1 Labeling i

. If you have from fiye to eight ugable

absorbance values,®you ean construct The ghorter side should be -
a conceatration curve, + labeled at equal intervals |
with absorbance numbers |
- A Graph Paper * marked from 0.00 to at least |

0,70 absorbance units.
Should be divided wnto squares of ‘

equal size i1 both directions \ D Plo?mg the Curve |
] ]
. B Concentration Axis v "1 Use the absorbances recorded
’ for each standard concentration ’
] Label*ng ’ . te plot points for the curve,
! The longer side should be . 2 The powmts should fall 1n a
. labeled at equal intervals reasonably straight hine,
L ,+ With the concentrations of :
the calibration standards 3 Use a straight-edge to draw :
marked from 0,0 to at least * a line of best fit through the .
< o / the highest concentration points. If the points do not
recorded for the standards all fall on the line, art acceptable
" - on the data sheet. resultis an equal number of
: foints falling closely above, e
2 Umnts ’ ' as wel) as below the line. . :
Experience provides a hasis
a It is most convenient . for judging acceptability.
7 to express these con=~ .
centrations in the units - 4 At ot permissable to extra- | ,
. to be reported. Otherwise, polate ‘t{\e curve, |
a umt~conversion factor X - |
would have to be applied E) . '
to obtain final, reportable . IX USING THE CALIBRATION CURVE
values every time wyou use .-
’ the curve, A Finding concentration of the §ample
b Example: If you ditute a i 1 Use the absorbance vile(s)
gtandard solution to make recorded for the sampld(s), and
. 100.0 ml volumes of cali- ’ the calibration curve to find the
. bration standards, yofi‘ ’ concentration(g), 1f-the concentra=
' have a choice in expressing tion units differ from those required
. the resulting concentrations. . for reporting results, apply a unit
You can use weight/100 mY;” . conversion factdr (VIIIB. 2),
. or You can calculate weight/ - —_—
1 liter. If you are to report . 2 If more than one dilution of a sample
' * results as weight/liter, but . was tested, use the result that falls
you construct your curve nearest the middle of the curve, )
) ’ g weight/100 ml, you will —
. hgve to multiply every sample B If a sample was diluted, calculate the
/ +,TEBUlt from the curve by {7 dilution factor and apply it t¢ the con- )
s or 10 to obtaln the re- centration you find for the sample from ..
pdfable value. It 8 much the calibratlorfipurve.
v - easter to convert the original
calibration atandard concentra-
tlong to the desired units and to . -

use these as labels on the graph, . \
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) . 1 ' Dilution Factors, , ) t . ~
] T . .~ This outline was prepared by Andrey D.
~ tinal dilution volume - " Kroner, Chem‘i}st. Natipnal Training and
ml sample used in dilution . - 7 Operational Technology Center, OWPO,
. . * § USEPA, Cincinnati, Chio 45268 ¢
2 Example: You diluted 10 ml Lt & '
sample to 5¢ ml, The con~ v ’ - “s
, centration found by using a o v
. calibration curve was 0.5 : Descriptons: Analytical Techniques,
’ mg/liter, - - + -Chémical Analysis, Colorimetry,’
. ' Laboratory Tests, Spectrophotome!ry
' - Then . . ’ v - -
B " 50l x 0.5 T
corstituent, .mgl ) -1—0—5; ﬁt-er_mg . -
N . | e - g .~ . ~ - '
/= 2,5 mg/liter ) . >
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LABORATORY PROCEDURE FOR TOTAL PHOSPHORUS
I SCOPE/A‘ND APPLICATION IV PREPARATION OF FILTER DISCS
. A This method is for the determination of The 0,45 wym filter discs must be phospﬁorus-
total phosphorus in drlnkmg.'surtace " free. These can be purchased or you can
- and saline waters and {n domestic and treat discs as follows:(2) .
industrial wastes. ’ .
- Py A Soak the discs in distilled water, about 2
B It is applicable. for concentrations of _liters for every 50 dls'c’g. for 1 hour.
- 0.01to 1.0 mg P/liter. This range can .
be extended py dilution of the sample. B Pour off the water and replace 1t.
¢ ) A y C Soak the discs another 3 hours.
IR "APPARATUS .
f . : . D PRour off water and d
« A Spectrophotometer with a light path of . J
1 em or longer for meagurements at 650 E Check two or three dried disch by placing them
or 880 nm . in a small volume of co €d reagent. Ifa
-t : blue color develops, p sphorus is present
B pH meter .and electrode(s) to fit 125 mi and ysu shpuld repeat the wash operations.
Erlenmeyer flask ’ If no color develops, the are ready ‘0
for use.
C Filtration assemblies for 0.45 ym discs, . )
to filter about 10 ml test solution
¢ v ReaGenTs(D °
‘IJt PREPARATION OF GLASSWARE (1) A 10N Sodium Hydroxide
A Traces of.phosphrorus on the glassware Dissolve 40 graims sodium hydroxide in about
4 used in the test will cause significant 80 il distilled water, Caufion. heat and fumes
errors, The glassware and filtration are liberated. Cool and dilutg to 100 ml.
g apparatus should be acid-washed. If - -
this equipment can be reserved to use 2 0.1N Sodium Hydroxide ) '
* only for this {est, the acid wash is only : T v
required occasionally, ' — Dilute 1 ml 10N bodium‘hydroxlde to 100 ml,
.1 Wash equipment with hot 1:1 HCl .C 1IN Sulfuric Acid ’ . -
ina hood, Wear rubber gloves. ’ .- .-
. - Slowly add 310 ml coné.. sulfuric acid t0,600 ml 4
2 TRinse with'tap water, ther distllled distilled water. When cool, ,dilute to one liter.
water, . .
. . D 0.!1N Sulfuric Acid I '
3 Fill or rinse each plece with the .
combined reagent used in the test Dilute 1 ml 11N sulfuric acid to 100 ml,
to check for traces of phosphorus. 4
A blue color will form if phosphorus E 5N Sulfuric Acid -
{8 present. - -
. s Slowly add 70 ml conc. sulfuric acid to 400 ml |
4 Repeat the washing instructions until distilled water. Caution. Heat i8 liberated.,
a.u phosphorus,is removed (no color). . When cool, dute to 500 ml,

E

‘5 Then rinse everything several times
with distilled water apd allowHit to dry. ,

138 -
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Laboratory Procedure For Total Phosphorus 4 |
vy .
F Antimony Potassium Tartrate Bolution L Standard Phosphorus Solution N/ l

Weigh 1.3715 g K(SbO)C4H 40 N2 HaO. 1 This solution should be prepared at the ~

Dissolve 1n 400 ml distilled water\un a 500 time of uge. It 18 for tests utilizing 1 cm 1

m‘l volumetric flask and dilute to vdlume. spectrophotometer cells. For other lLight .

Store at 4°C in a dark, glass-stoppéred path lengths, adjust the concentration J

bottle. - . accordingly. 4 |

G Ammonium Molybdate Solution ) 2 Dlute 20.0 mi stock phosphorus solution
; (at room temperature) to XI_ner na .

Dissolve 20 g(NH4}lgMoq0g 4" 4Ho0 in 500 volumetric flask. ~

mi of distilled water. Store in a.plastic .

bottle at 4°C. . ; 3 1.0 mi= 1.0ugP. . .

H 0.1M Ascorbic Acid . -
~ vi PROCEDURE!!) "

Dissolve 1. 76 g of ascorbic acid in 100 ml ‘. .. .

of distilled water. The solution 18 stable for A Preparation bf Calibration Standards

about a week if stored at 4°C. :

1 Mark nine 50 ml volumetric flasks with
I Combined Reagent . the concentrations listed in Table 1.
This reagent must be freshly prepared for 2 Using volumetric pipeis, measure the
# '  each run, For 100 ml, mix E.F\ G. and H. A amounts of standard phosphorus solution .
in the following proportions-&ndorder. (All listed in the table into the corresponding
reagents must be at room temperature) - 650 ml fNlask. -
s .
1 50 mi 5r_€’aulf1.1'rlc acid. TABLE 1
. s 7 .

2 5 ml antimony potassium tartrate solu- Use These “For this
tion. _Mlx well.  If turbidity forms, let mis St'd P Conc. , mg Absorbances :
mix stand a few minutes. then shake 801/50 ml ‘P/liter - I O 4
again. Repeat until turbidity disappears. . . o . .

. . 0 0.00 _

3 15 m! ammonium molybdate solution. 1,0 0.02 X <
Mix well. Follow directions in 2. if 3.0 . 0. 06 .
turbidity formas. . 5.0 .10 N

: 10,0 0, 20
4 30 mi 0, 1M ascorbic acid. Mix well. - Z0. 0 0.40 -
Follow directions in 2. 1f turbidity {orms. 30.0 0. 60
. 40, Oy + 0.80 I .
J Ammonium Peraulfate - & T5.0 .00 £ — .
) SAMPLE

No preparation is required. This is a

vigorous oxidizing agent so storggit with .

appropriate caution.

K Stock Phogphorus Solution ) ) .
‘ Weigh 0.2197 grams of potassium dihydrogen : i . *T
' phosphate, KHoPO,, which has been dried . .
- at 105°C and cgoled. Dilute to 1 liter in a . .
volumetric flask. This sclution 18 stable * el S

up to 8 months if stored at 49C.

1,0 ml= 0, 05 mgP. o .

s




. r

"3 Dilute each to the 50.0 ml mark,
* stopper and mix thorougltly.

4% Note: The flask containing 50 ml
distilled water (0. 00 mgP} {s the
., reagem Blank,
", p ~ '
5 Mark nine 125 ml Erlenmeyer
N : Nlasks with the concentrations
¥ listed in Table 1.

6 Pour the nine astandards into the
corresponding Erlenmeyer flask. .

‘B Measurement of éample -

. 1 Label a 125 ml Erlenmeyer flask

" with the 'sample {dentification code.
- L ]

* 2 Shake the sample. .

3 Immediately pipet 50 ml of sample

into the flask. » * .

LY

- a If the P cdncentration of the -
. aa.mple {g unknown or if it
{s known, tobe gx-eater than
. 1.0 mgl.l.mse the wéfl shaKen
" sa ple‘ to make appﬁpr ate ™ °
?‘- ons in 50 ml volumétric
kl. ‘ » ih“..’, w

*
. L
- b Record ihe ml o ple used
- e. ixf‘d.ﬂution,\ ,

4 ' ] %

c Traqnfer the 50 ml dilution(s) Py
. to 125%ml Eylenmeyer flasks
that have been labeled with the

.. ple usediyn the ditution.
C Digestion °§ Calibration Stgndards and

Sample(s)

- 1 ‘I‘urn'( the me(a) You -
need nuriacuhrea or all the

125 ml Erignmeyers flasks con-

taml.ng standards and sample.

2 Usea 10 ml graduated plpet to
a.dd 1 ml 11N sulfuric acid to

each flask.’
. ,:, 3 Use a ineasuring scoop to add .
0.4 gram monium pernulfate
to each fia
4 Add 4 gl‘gs botling beads to
] each flask. ) . .
» Y . . .

~
" . * 3y
\

Laboratory Procedure for Total Phosphorus

. 5

L

5 Swirl each flask to thoroughly
mix the contentsa: *

6 Place the flasks on a hot plate

and gently boil for 30-40 minutes
or unttl*a volume of abo 0 ml

18 reached. CAUTION: Do

allow any to go to dryness,
Alternately, the flasks may be .
autoclaved for 30 minutes at

121*C {15-20 pai). \ S

7 Cool the flasks, If necessary. adg
distilled water so the volume of each
{8 about 30 ml, .

-

D pH Adjustment of Standards and Sample(oJ

1 Adjust the pH of each golution to 7+ 0. 2,
using a pH meter as follows:

a CAUTION: Be sure any buffer solution
uded to calibrate the meter has been
completely flushed off the electrode(s).

. Usé combined reagenttg check the

water,

“ electrode(s), then rmse(thh distilled

b Add 10N sodium hydroxide rapidly to
a pH of 3, then dropwise to a pH of 6.

¢, Add 0. lgsodlum hydroxide dropwise
until the pH {s between 6.8-7.2, If
you over-shoot the desired pH, add
0. 1IN sulfuric acld dropwiae until the
pH {8 between 6. 8-7, 2,

-

4 Rindg the electrode(s) with a very
. smalquantity of distiiled water,

collecting the rinse in the flask of

solution tested.

E Filtration of Standards and Sample(s)
It a sample {8 not clear at this poinw
h -
! Add 2-3 drops of 1IN sulfuric acid to the’
turbid sample(s).

2 Filter the solution through individual
phosphorus=free, 0.453m pore size

s, -fitter discs. Collect filtrate, »

- & Be pure f{lter apparatus.is free of
phosphorus contamination.

b Rinse each Erlenmeyer flask with
two 5'ml portions of distilled water
and filter each portion through the

. corresponding disc.
) 22-3
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Laboratory Procedure for Total Phosphorus . >
F  Volume Adjustment . Vil CALIBRATION CURYE
After D, pH adjustment and possibly E, A Obtain a piece of graph paper and label
. Eiliraton. the standards and sample(s) the axes. The longer side should be
. are at volumes other than 50 mi, "1abeled with the conoentrations of the
Accordingly: standards as Hiven 1n Table 1, The
. . . - shorter axis is labeled from 0.00 to
. 1 Pour each solution batck ifto the 50 mi 1.00 as'the absorbance axis.
volumetric flask used to prepare 1t, .
. (You will need an additional 50 ml flask B Use the absorbances recorded for the
. for any undiluted sample(s)- ) standards in Table 1 and the corre-
: ' . " sponding concentration of the standards
2 If there is less than about 45 mi in the to plot a calibration curve.

vplumetric flask. use about 4‘@1 distilled
water to rinse the contiiner into the 50 mi

volumetric flask. VI RESULTS .
3 Dilute each solution to the 50,0 ml A Use the absorbance value recordea 1n
mark. Table 1 for the sample to find the total

phosphorus concentration from the curve,
. 4 Stopper and {nvert each flask to thoroughly

mix the contents. 1 if more than oge dilution was run,
ud uge the result that falls ne#rest the
5 Thoroughly rinse and shak e 12 middle of the curve.
Erlenmeyer flasks orgina™y used for; . .
the solutions. B Dilution Factor
8 Return each solution to its cornesponding If the sample was dxlu\ted. calculate
! {cleaned) 125 m] Erlenmeyer flask. the dilution factor and apply 1t to the
concentration you found for the sample
G Colorimetry . ' 'by using the curve. .
v 1 Pipet 8,0 m] of*combined reagent 2 ™ DilutionFactor =
into each Erlenmeyer flagk, > 50 ml
2 Gently swirl each flask.  * ‘ r ml sample used in dilution
3 Note tl;e time. After 10 t 2 Example: You diluted 10 ml sample *
minutes (and not more than - to 50 ml. The concentration found
) - 30 minutes), omake spectros using the curve was 0.4 mg/L. Then:
photometric readings at . - - . -
880 nm. {650 nm may also Total P, mg/L= 50_m,li x 0,4 thg/L
be used). . 10m
. = 1Y)
a Use the 0.00 mgP/liter . “Total P, mg/L= 2.0
reagent blank to calibrate
the instrument. -
b Record the absorbances in * - , -
Table 1 (A 2 above) next .
to the corresponding con- .
centrations of the standards. 1 q [ -
A space {8 also provided . . .
. for recording the absorbance . '

of the sample. .
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REFERENCES . -
1 Methods for Chemical Analysis of : '
Whter and Wasfes, 1979, U.S. EPA, z -
. EMSL, eficlnnati, OH, 45268, ;
- ‘ L)

»

2 Standard Methods for the Examination
of Water and Wastewater, 14th edition,
1975, APHA-AWWA-WPCF, Washington,
D.C., 20036,

, ~ \ .
This outline was prepared by Audrey D, Krorer, : ) /
Chemist, National Training and Operational

Technology Center, MOTD, OWPQ, USEPA,

Cincinnati, Ohio 45268 .
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Laboratory Procedure For To1al Phogphorus
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I SPADNS Puo"roms'rnk METHOD

’

A Reagents °

1 Acid = zirconyl - SPADNS reagent.

a Dissolve 0.958 g. SPADNS in about
300 ml distilled water, contained in
a‘l - liter volumetric flask.
Disaolve 0.133 g zirconyl chloride
octahydrate in about 150 ml diatilled
water and add to the flask. Hinse
the container and add the rinses to
the flask.

Add 350 ml zoncentrated HCI to the
flask, swirling to mix well.

b ]
Add distilled water to the liter mark.

The combined reagent is stable for at
legst two years.

Fluoride stock sclution. 0.2210 g NaF
dissolwed in 1 liter distilled water
{1ml= 0.1 mgF) .
Standard fluoride solution: dilute above
stock solution 1:10 with ‘distilled water
(1ml= 0.0l mg F), or dilute 1:100 to
make 1.0 mg/L F standard.

Sodium arsenite solution: 5.0 g
NaAsO dissolved in 1 liter distilled water.

(Used as necessary for remofal of chlorine

in samples).
‘CAUTI N TOXIC

B Procedure

1 Prepare two separate atax;dards in 125 ml
erlenmeyer ({lasks as follows:

a 0 mg/L standard ~ carefully measure
(with 2 volumetric pipet) 50 ml of
distilled water.

A
’

b 1.0 mg/L Standard - carefully méaBure
(with & volumetric pipet) 50 ml of 1.0

mgl/L F standard solution.

CH.HAL.f.1ab. 3b.11. 80

Q

ERIC

wll Toxt Provided by ERIC

FLUORIDE ANALYTICAL PROCEDURES-SPADNS

Y
»

-

2 Carefully measure 50-ml portions of
each unknown sample into labeled, 125 ml
erlenmeyer flasks.

w

|
|
|
Pipet 10. 00 m! of acid - zirconyl - SPADNS ‘
reagent intq sach flask containing a |
standard or sample . |
! |
Carefully swirl each of the standards and |
samplels),to mix them with reagent., The |
materials must be thoroughly mixed
With the distilled-water standard {0 mg/L
F) in the cuvette, adjust the photometer
slit 8o that a reading of . 300 or .500 on
the abgorbance scale i8 obtained., Use a
. wavelength of 570nm.
6 Replace the 0 mg/L standard with the
other standard and samples in succes-

sion, noting the absorbance reading in
(There i8 no minimum color

- ’X::ch case.
velopment time).

L4

q), Calculate the fiuoride content of the
unknown samples by the formula.

2
-

AO -Ax

X-AO'AI

-

where X 18 the fluoride contept of the
_sample in mg /L,

where A, 18 the absorbance reading
of the 0 mg/L standard,

where A, i8 the absorbance reading
of the unknown sample, and -

where A I8 the absorbapce reading
of the 1. 0 mgIL\BtandE;S\

~

If preterred. a curve may be drawn by
plotting the absorbance readings of the
two standards and connecting with a

* straight line. The line may be extended
to 1.4 mg/L, but no further.
.

23-1
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Reference

1 Standard Methods for the Examination
«” of Water and Wastewater, 14th ed.,
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FLUORIDE ANALYTICAL PROCEDURES = ELECTRODE

{ ELECTRODE METHOD USING A pH METERm 2 Pipet 50,0 mi of each sample into 2 labeled :
. 150 ml beaker. . ;
A Reagents : ' v |
' ‘ . . 3 Using a pipet, add 50.0 ml TISAB to each |
1 TISAB ’ beaker of standard or sample. - ;
a Place approximately 500 rd distilled 4 Bring standards and samples tothe same |
water in a 1 - liter beaker. Add 57 ml temperature (plus or minus 2°C),preferably
conc. acetic acld, 38 g. sodium h’%‘ temgerature. .
+ chlorine and 4.0 g 1, 2 cyclohexylene . :
dlamine tetraacetic acid (CDTA)* 5 Immerse the electrodes and measure the
Stir to dissolve. developed potential while stirring the
. - test solutions with a magnetic stirrer.
b Place the beaker in water bath (for Allow the electrodes to remain in the
cooling), insert a calibrated pH electrode solution for 3 minutes before taking a
and a reference electrode into the final mv reading. Rinse electrodes with
solution and slowly add approximately distilled water and blot dry between use
6N sodium hydroxide (about 125 ml with in each solution.. Record mv reading for
stirring) until the pH 18 between 5.0 and each standard and sample. Confirm the
5.5 Putnto a l-liter volumetric flask‘ electrode cahbratien.by checkmg the
and addndisti.lled water to the mark. reading of the 1.0 mg/L gtandard between
. - Mix well. - each standard and sample, Adjust the

calibration control as necessary until the

2 Flugride stock solution meter reads a8 before.

|
|
= a Dissolve 0.2210 g. sodium fluoride. 8 Plot the potential measurement of standards . l
i 1 liter of distilled water (1 ml = in mvalong the arithmetic horizontal axis |
0.1 mg F), of 2-cycle semilogarithmic graph paper. |
) Plot mg/L on the vertical logarithmic axi..
3 standard {luoride solution starting with 0.1 mg/L at the bottom.
. .
a Dilute 20 ml of the above stock 7 Read the fluoride concentration of the un-
R solution to 1 liter (1 ml = 0.002 mg F). known samples from the standard curve
\. . preparea from the readings obtalned on ’
B Procedure . ' the standards. .
N —_
L 1 Prepare a series of standards by pipetting OUTLINE CONTINUED ON
the ipdlcated amounts of standard {luoride NEXT PAGE
’ solu&on \nlo labeled 150~m] beakers, add- $ &
{ng the tndicated amounts of distilled water ,,. -
(by plpet). - / .
mﬁ{.d Soln. Dlst:"&later mg F mg/LF -
5 45 0.01 0.2
10 40 © 0,02 0.4 )
15 35 0.03 * 0.6 - -
20 30 0,04 0.8 .
25 , 25 0. 05 1o -
50 0 0,10 2,0 -
. . L.
* CDTA {p also listed as 1, 2 cyclohexylene
ldml'u-no tetraacetic acld : 1 4 yi

L -7

-




.
-

L

Fluoride Analytical Procedures » Electrode

i ELECTRODE METHOD USIN?/(ELECTWE.
ION METER(2}

-

A Reagents ’ .
~

1

2

3

7

Ve

TISAB . .

2 Prepsre as for Electrode Method. See
I.A.]l. above.

4 *

Fluoride stock solution

a Preere aa for Electrode Methed.
See I: A, 2 above,

. *

Standard fluoride aoluﬁons-

*a Dilute fluormde stock solution 1:10 with

B Procedure

1

distilled water to make 10,0 mg/L
standard (1 ml = 0.} mg F).

b DPilute fluorde stock solution 1:100 with
distilled water to make 1.0 mg/L
Standard (Il ml = 0,00l mg F), °

k

Measure two standards:

-

a Ina 150" ml beaker labeled "1.0 mg/ L' add
by pipet 50 ml of the 1, 0 mg/L fluorige
standard solution.

‘ - ¥

b In a 150 ml beaker labeled 10 mg/L" add
by pipet 50 ml of the 10.0 mg/L fluoride
standard solution,

Add 50 ml (by pipet) of TISAB to each of the
standards, Stir or swirl to mix.

Pipet 50 ml of each sample into a labeled
150 ml beaker,

Add 50 ml (by pipet) of TISAB to each sample.
Stir or swirl to mix.

Immerse the electrodes in the 1.0 mg/L
standard. ‘ Set the selector of 'a Model .
4074 meter on "X ". Stir or swirl the
beaker gently for 3 miﬁutea: On the Model
409 meter, the aelector should be set at

llo. 5= 2u. .

e.dju%er so that the pointer
reads 1.0 L. Use the calibration
knob on & Model 407A or the 0,5 - 2"
knob on a Model 409, - '

9 itmmerse the electrodes iq*a gaiiple. set

Turn pﬂ‘ the meter. lift the electrodt;s.
rinse them in distilled water and pat

’ /dry with a tissue. . ’

8 Immerse the electrodes in the 10 mg/L

standard. set the gelector of a Model
407A meter on “x " or that of a Model 409
on 0.1 - 10", Stir or swirl the beaker
gently for 3 minutes. AdJU‘t the meter
until the pbinter indicates 10,0 Ing/L. using
the TempePature Compensator on a Model '
407A or the "0.1 - 10" knob on a Model
409, Turn off the meter. rinse and dry
the electrodes after each use, - -

[ 3

the meter selectorto "X “or 0,5 - 2°, \

Stir or swirl the beaker gently for ¥
minutes and read the fluoride concentration
directly from the meter 8Cale. If the
fluoride concentration is 2 on the Model
409. set the selector at ''0.1 = 10" to

obtain the reading.

REFERENCES

| Staﬁdard-Methods for the Examination of
Water and Wastewater, l4th ed., 1975.
APHA-AWWA- WPCF Washington, D.C.

p. 361

.2 Orion Researchs inc.. Analytical Methods
Guide. OCtob?r 1971

~ p -

This outline wast prepared by Dr. E, Bellack.
Office of Water Bupply. EPA. Washington. D.C,

Descriptors: Analysis, Chemical Analyais.
Fluoridation. Fluoride, Fluorine, Water

?a!ysla .
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Fluoride Analytical Procedures - Electrode
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DETERMINATION OF NITRAT'EIMTRKTE NITROGLN (CADMIUM REDUCT]ON METHOD)

- 1 . &

[ SCOPE AND APPLICASION

A This method is for the determination of
total nitrate and’ mtrite mtrogen 1n drink-
ing, surface and saline waters. domestic
and ipdustrial wastes. By carrying out
the procedure without the imitial reduction
,8tep, the method determines only nitrite
nitrogen.. Thus separate nitrate nitrogen .
and mtrite nitrogen yalues can be obtained
by carrying out the procedure first with,
and then without, the imtial reduction step.

B Tﬁe applicable range of this method 18
0.01 to 1. 0 mg/liter nmtrate/nitrite nitrogen.
The rangé may be extended by dilution of
the sample. ' / .
[ v \ t R

Pl

r
.

A Spectrophotometer with a light path of 1 cm®
or longer for measurements at 540 nm.

B pH meter and eleftrode(s).

C Reduction Cblumn. . .

1 Cut off both ends of a 100 ml\volumetric
pipet so that it measures 10 cm from the
base of the cup to the top. and about 25 cm
from the base of the cup to the end of the
column.

2 Use glass wool as a plug for the column.

3 Attach.a plece of tygon tubing (about 7.5 cm
lengthjto the lower end of the column.

1415

B

4 Put two screw clamps around the tygon .b}F

) tubing. The upper clamp i8 used to adjust
the flow rate and the lower is used top
thc flow of solution,

-
5 Put the clamp un a buret support on a ring

stand.

- -
'Y

6 You can purchiase reduction columns for
this’ procedure.

» L]
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Ihstilled Water

An 10n eachange cojumn in conjunction

with a still provides an adequate supply
of hghly pure water, ]

Concentrated Ammonium Chlorde - " -
EDTA Solution

Dissolve 13g amrhonium chloride and 1.7g
disodium ethylenediamine tetraacetate in
800 ml] distilled water., Adjustto pH 8.5
with-concentrated ammotuum hydroxide
and dilute to 1 liter with distilled water.

Dilute Ammonium Chloride -~ EDTA Solution
, ¢

Dilate 300 ml concentrdated ammonium

chloride = EDTA Solutfon to 500 ml with

distilled water. . e

!

Color Reagent

-
.

Add 100 ml concentrated phosphoric acidto _ -
about 800 ml distilled water 1n a 1 liter volu+
metric flask. Mix well. Dissolve 10g )
sulfanilamide and 1g N{1-naphtliyl)~ethylene-
diamine dihydrochleride in the acid mxg{l'are.
Mix, then dilute to ! liter wath dlstxlle ’
water, . ¢

Zinc Sulfate Solution (Turbidity Removal) *

Dhssolve 100g zinc sulfate heptahydr'ate in
distilled water and dilute to 1'liter.

6N Sodium Hydroxxde Solution (Turbidity
Removal) .

Diz’asolv,e 24g sodium hydroxide 1n about 80 ml
distilled water. Caution: Heat and fumes are
liberated. Swirl to dissolve and cool the mix-
ture. Dilute to 100 ml with distilled water.

f
rNon-polar Solvent (Oil and Grease Removal),

a supply of freon, chloroform or equivalent.
conc. Ammonium l{ydroxide (pH adjustment)

conc. Hydrochloric Acid (pH adjustment)

. N .-
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DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM RERUCTION METHOD) ¢
.\ .l::; ."‘.‘ y % . ~ - !' . ‘I
1 L] 1] .‘ q / . i 3 ) |
=~ , J 6N Hydrochforic Acid - o P Btock Nttrtt&Soluﬁon . ‘
. Add 50 m), concs hydrochloric acid to about - Weigh out 6. 0723 potassium mtrite, * .
.45 ml distilled water. Swirl, .cool andr dissolve it in distilled water and dilute
e dilute tg 100 ;nl l to 1lter. Preserve with 2 ml chloroform.
M a . The solution2s stable up to 3 months if '
' K 2% COpper Suu‘ate Solutxon . . . stored at 4°C.
. Lo _ . .
Dissqlve 20g copper suu‘ate pentahydrate * 1 Omt= 1.00 mg hrtte—-mtrogen.
in 500 ml distilled water. Dilute to .-
- Hteds - . . \_/ Q Standard Nitrite Solution ,
Y. a v ; o, This solution should be prepared at the time™
L Granuz\ated'?admtum of use, It is for tests utihzing ¥m Spectro-
. i : . photometer cells. For other light path lengths.
. Each column, requires about 20g cadmzum. . adjust the conc?ﬁbi:n accordmgly.
to a 10\mesh sieve and to be -
granulated to pags Dilute 10.0 ml stock nitrfte solution !

*nejained on a 40, then a 60 mebh sieve.- : : .
Filing 8tick cAdmium should be done in a (at room ternper a}'t(ur to 1literin y
hood to avoid inhalation of small particles. 3 volumetyic flask. \ - .
sh cadmi an be purchased. + T2 Lo
The corrget mesh cadmium c " pur Lot 2 1.0 ml = 0.01 mg nitrate n\t\rogen .
M Stoclz Nitrate Soluuoa, \ > . . . _
b * h . LY ( l)
Weigh out 7.218g potassium nitrate. dissolve v PREPA_RATION OF REDUETI N GOLUMN

* it in_dibtilled water and‘dilute to/1 liter. . . . | ~
Preserve with 2 ml chloroform. This solu- *A Copperizing the Cadmiu

1 5 months U stored at 4°C, Lo .
“0& is stalg € uP t‘o m nt re 4 1 WetMt 20g lum granul
. v 1.0 ml 1 '60 mg nttrate nltrogen. . «* and place them in a ml beaker,

. * 2 Add enough 6) hydrochforic acilo '

N Column-Activatxon Nitrate Solutton
cover the granules.

- s ]

Thts solution should be prepared at the’ time . .

‘of use. It i8 required only when the cadmium 3 Swlirl. then decant off the acid. (Note:

has been washed with acid and copperized to All through thig procedure, decant into
prepare ¢r to re-activate a colurn. . " a filter paper 1y a.funnel supported 1n -

) ) P R . , anrold bottle, et ..rphenever small
1 Dilufe 1.0 ml stock nitrate solution particles of cadnifunl'are part of the
o dat oom temperature) to | liter in _ decanted mhaterial.) ’
lumetric flask. S

= * & Add enough distilled water to cover
2 'Z. 0.ml = 0,001 mg nitrate nitrogen ) the granules. A

» -

A}

O Stdndard Nitrate Solution . § Swirl to wash, then decant off the water. -

. . 6 Wash the granules two times more using
Fhia solution should he prepared at the uma ’ steps 4 and § above. The color of the ~
f use, -it is for tests uttlhinlg lhcm :hpeictx;: cadmium.should be silver.,
photometer cells. For other light path lengths, .
A adju‘the_c?bncodtration accordingly, 7 ‘Pour about 100 ml 2% coppgs sulfate
; : solution over the granules.’ .
1 Dildte 10: 0 ml stocK nitrate solution . . .
{at reon?temperatureJ tes 1 ltter in a ’ v 8 Swirl intil the blae tolor,of the copper
. volpmetric flask. sulfate fades (about 5 minutes). A browx,
. . - very fine precipitate of metallic copper
2 1.0mt“%.01 mg nitratgaltrogen. 15 . should’Torm 4

I
. N , 9 Decant off the copper sulfate solution. ]

- . -' .I i, D-l ®
ERIC’s-2 / SR A
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DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIEM REDUC TION METHOD)

’

2' Time the rate of flow. 1t should .

¥,
10 1f no brown precipjtate was,ob~ be between 7 ml and 10 ml/ minute.-

+ _served in step 8, do another 2% . ) y
T eoprgr sulfate treatment using 3 1f the flow rate is too fast, tighieh ,
: stepa’7-9 above. : ’ the screw clamp and re-check the

. ; : ate. Do this unt1l the flow is 7-1
11 Remove all the brown precipitate by g . ;xllmmute. ”ut';,; clamp shuts oft‘p
adding at least 10 distilled water rlnses\ the flow before the desired rate is
- (1n about 75 gl amounts). and decanting', N

off the precipitate into the fllter paver
set-up desqgribed in 3 gbove. “Using a
spatula to,move the precipitate along
with the watey facilitates this operation.

granulds to the column. Continue

until the 7-10 ml ute rate

Pl

obtained, add more copper-cadmium

checking the rate and addlng granules

: is achieved. T let the colum&

"

. go dry.

12 The cadmium 8o treated sliould be black.

4 1f the flow rate is too slow,
loosen the clamp and rgkcheck
the rate. If the 7-1 fmmute
rate cannot've achidved, remove
some of the granuledthrough
the cup end of the column and
re-check the rate. DO NOT

B Checking Granulé Size

. 1 Use a spatula to transfer t_h(_

Too. copper-cadmium granules to
a 60 mesh sieve. - let the column go dry. .
- 2 Hold the sleve over the filter . 5 When the 7-10 ml/minute flow

rate is achieved,”&llow the re-
maining solution to drain until
it is about 2.5 em above the

. » top of the granules, Usge the
second clamp to stop the flow
of solution from the column.

paper set-up, §qulrt distilled
‘water over the grapules.at

~ . least three timesto wash any
"tines" through the sieve. ¢

3' Use the squeeze bottle for .

distilled water and a spatu} Wash 'the column with a total

. " to return the granules to the a, ) 8 ot 200 ml dilute ammonium |
beaker. - . chloride -"EDTA solution.

~

»

. ter. - . coL
4 " Decant off excess water Allow thig to drain through ag

' the established flow rate of 7-10
Filling th .
¢ IS ¢ Column - ml/minute. Bop the flow when
- the golution1is about 2,5 cm

1 Close one of the clamps on*
the delivery tube of the column. above the top of the*granules.

3

. 8 The column of granules ghould
2 Slowly {ill the column almost | ’ " always be coyered with%olution,
to the tap of the cup with dis- : When the column is ngt is use,
tilled water. Release any air use distilled water or dilute
pockets that are formed. ¥ ammonlum chloride - EDTA
‘ solution to cover the granules.
3 Slowly add the copper-cadmium {Allow extra for evaporation).
granules and allow them to "float"
veers  Gowp through the wafer. Use
‘ a spatula fo move the wet granules *
out of the beakdr, Continue this . 1 Pipet 25.0 ml of the column-
addition untfl you have loosely activation nitrate solution (1.0ml =
filled the column up tp about, 2 em 0,001/ mg nitrate nitrogen) into a
below the cup-like section. (The 250 ml Erlenmeyer ﬂa‘sk.

E Activation of ’the Column

- column of granules should be about 2 Add 75 ml ated -
18.5 ¢m in length), concentrated ammonium
o . ' chloride ~ EDTA solution and
D Check}nz the Flow Rate ° - 1 5 2 mix. h
1 Ph“ & graduate under the column " 3 Place a 350 ml beaker under the

and open the screw clamp. ,

S

25-3
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DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METHOD)

A}

column and, if necessary, 2
bring the level of storage v

solution in the column down'

to the top of the granules. - .

4 Place a graduated cylinder 3
under thc column.

5 Fii1 the eup of the cotumn,
using the mixture prepared
in 1 and 2 (above). 4

6 Unscrew the stop-flow clamp .
and time the flow rate. If the :
rate i8 not between 7-10 ml -
'per minute, adjust the screw 5

tlamp which regulates flow
until the rate i8 adqigved. * -

Add 2 ml zinc sulfate
solution to 200 m} sample
and thoroughly mix.

» .y b )

Add 0. 8~1 ml {16-20 drops) 6N
sodium hydroxide solution to
bring the pH to 10.5 {Use a,
pH metexﬁp

Allow the heavy, flocculent
precipitate to settle by letting
the treated sample stand a
few minutes.

L
Fliter the supernatant through
a glags fiber filter or a2 0.45am
membrane filter.

7 Continue the flow through the . ° B Ozl and Grease

column until all the mixture
prepared {n 1 and 2 {(above) 1
has been added, and the level.
of solution {8 about 0.5 cm
above the top of the granules.
* Stop the flow. " Any collected
mixture should be discarded. 2

8 Measure and pour into the
column about 40 m} dilute ’ 3
_ ammonium chloride - EDTA
solution. Repeat step 6 and .
7 (abdve) procedures. This . 4
“washes" the column-act{vation
trate solution off the grahules,
you had to do mych adjusting 5
ta get the correct flow ratein .
the step 6 procedure, do a second 6
rinse with about 40 ml fresh,
dilute ammonium chloride ~ EDTA
solution and usging the step 6 and . 7
7 (above) pracedures. -

" ¢ The column is now ready fordwse. \8

V REMOVAL OF INTERFERENCES

Adjust the pH of about 200 m} of -
a non-turbid sample to 2 by
addition of conc. hydrochloric

acid, {Use a pH meter).

Placé the sample 1n a 500 m}
gseparatory funnel.

Add 50 mil 4f a non-polar solvent,
such as freon or chloroform.

Shake gently to extract the oil -
and grease.’

Allow the solvent layer to separate,

Collect the solvent layer {n a 100
m} beaker and discard it.

Repeat steps 3-6 with a fresh," .
50 ml portion of solvent.

The sample remaining in the separatory
funnel {8 now ready for testing.

1] ; '
FROM SAMPLES - AS NECESSARY
i B v VI DETERMINATION 0}-‘\ NITRATE PLUS
A Turbidity - {/\ - NITRITE ‘
1 Filter about 200 m} sample A Preparation of Nitrate Calibration
through a glass fiber filter . Standards ,
or & 0,45 um membrane
filter. Altsrnatively. use - . \
the following steps 2 ‘ '

through 5. . 15“
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" DETERMINATION OF NITRATE/NITRITE NITROOEN (CADMIUM REDUC TION METHOD)

Cd . . ~

[ ' 3
. H - " -
x ¢

’ L] -
1 Mark six 100 ml volumetric . 1) Use a, 100 ml volumetric
* fl4eke with the concentrations ' flagk Lnd a plpet for each
Hsted in Table"1, column 2. dilution.
. . 2 Usming volumetric plpets, ) 2) Record the ml sample used in
. measure, the amounts of .t - the dilution.to 100 ml,
+  standatd nitrate solution / A
* , 1igfed in Table 1 into the 3) Transfer the diluted sample
correspondlng 100, ml to a 150 ml beaker,
. ’lumetrlc flask. 3 '
. : 4) Save the remainder of sample
. TABLE1 y in the 400 ml beaker. It will
be required for the mtrite
Use these . For this de(erg?lnation.
mils St'd NO3 cone., mg Absorbar_:ces :
Sol/ 100 ml NO3-N/1 - 2 Usge a.meter to check the pH of each?
. . solution. If necessary, aqjus¥the
. 0.0 ml 0.00 pH to between 5 and § withjeither
|.—9.5ml —0.05 conc. hydrochloric acid or conc.
1.0 ml 0.10 - ammonium hydroxide.
2,0 ml 0.20 - | . . .
5.0 ml 0.50 . v C Reduction of Nitrate to Nitrite in
10,0 ml 1. 00 ' Standards and Sample plus Color -
. SAMPLE . . Development
3 y )
. 3 Add enough distilled water .
‘ . . . 1 Process the 0.00 glmer nitrite-
to bring each golution to . nitrogen standard‘ieagent blank).

the 100.0 ml mark. Stopper

-

.each standard and sample using

- and mix t.horoughly: . “"  the following steps.
.t 4 Note One flask containg 100 ml : . . -
: . distilled water (0.00 mg Nos-Nll). .
) It {8 the reagent blank. 2 Plpet 25.6 ml of the reagent blank.
. * ! . . . standard or sample into a 250 ml  *
' , &rlenmeyer flask labeled with the
5 Mark 8ix 150 ml beakers .- concentration of the standard or
., with the concentrations listed the code of the sample. '
‘ in Table.1, ¢olumn 2. & . i
. ' . 3 Add 75 ml contcentrated ammoni.t?m
8 Transfer each calibration chloridé~EDTA solution to the 8ame-
' ‘ standard to the Q""esmnd' " flagk and mix well by awirling.
ing beaker. ’ . . .
v, <N . 4 Place a graduated cylinller (at least
B pH Adjustment of Standards and Sample 25 ml capacity) under the column.
' 1 Transfer about. 200 Ml sample 5 F{li'the cup of th¢ column, using the
' to a 400 ml beaker. : , mixture prepared in 2 and 3 {above). .
AR " a Any treatment reqiired 6 Open the gtop=flow clamp.
Lo to remove. u-%;erterences : ) : ‘
should have been completed 7 Agaln; check that the flow rate
\ prior to this.step. K ' . {g 7-10 ml/minute and make any
. . . ", ! , . adjustmenta necessary to achzeve .
. b Samplees may require " thie now.
. . dilutlon If the nitrate o T ]
O nitrogen concentration g , .
& oxcceds | mg/liter., - -y L

mic . 154 SRR
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DETE!iMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METHOD)
¥ 3

o

8 Use the stop flow clamp when 25 ml has

,Jbeen collected, Discard this "wagh”.

* S

L] )
9 Pour the regt of the mixture prepared
in 2 and 3 (above) into the ¢olumn cup.

[y

10 Ringe the Etlenmeyer flagsk. Discard the

ringe and shake out excess distilled water.

11 Place the flask under the column and

collect the rest of the mixture. Stop

the fiow when the solution is about 0. 5cm

above the top of thq granules. The flask

¢ontains nitrite in solution, 1. e., any

mtnte in the original sample, plus ‘the

mtrite formed by the column's reduction
 of mtrate in the original samples.

12 - IMMEDIATELY, pipet 50.0 ml of the .
reduced standard or sample into a clean,

labeled, 100 + ml flask op beaker. (NOTE-
Nitrite can oxidize back to mtrate).

13 Add 2,0 m} color reagent and mix thor=

oughly by swirlmg

The muxture should stand at least 10
minutes, and not more than two ‘hours
before spectrophotometric measurements.
This allows time to repeat steps 2 through
13 for each standard and sample so all
spectrophotometric measurements ¢an be
done at the same time. (More than one
column can bé used by analysts expery -
enced in performing the te‘st).( .

L]
-y

14

{5 Repeat steps 2 through 14 for each stand-

ard and sample.

D Spectroghtometric Measurements

Y .
1 ce measurements nmst be made
ursg of the addition of tbe

color reagent.

» - -

a, The instrumentg;mst be warmed up. ..

*

b Use the 540 nnrwavelength,

Qe

¢ JUse,the 0,00 mg/liter nitrater
nitrogen standard {reagent blank)
to calib/ate the instrument.

.

Record the absot‘bances in Table I

{A.2.above) next 'to the correspon
concentrations of the~standards.

iy

» F

-

<

space 18 also provided for recorging
the absorbance of the sample.
-

E Calibration éurve

1 Obtain a prece of graph paper and

label the axes. The longer side

should be labeled with the concentra-
tions of the standards a8 given i . v w»
Table 1. The shorter axis 18 labeled
from 0,00 to 1.00 as the absorbance

axis.

Use the absorbances recorded for the
standards in Table 1 and the correspond-
ing concentration of the standards to

plot a calibration curve., «

Title the graph, "Total Nitrate Plus
Nitrite, "

Results -

- - -

1 Use thé absorbance value retorded 1n
Table 1 for the sample to find the con-
centration of total mtrate plus mitrite

nitrogen from the curve. . .

If a dilution was used, calculate the

dilution factor and apply 1t to the con-

centration you found for the sample by
-usmg the curve,

13

a Dilution Factor =

100 ml y
ml sample used in dilution .

b Example: You diluted 25 ml
sample to 100 ml., The con-
_centration found by using the )
curvg was 0.4 mg/liter. Then :

Total NO4+ NO,-N mg/l =

100 x 0.4 or 1_.6

—

2

+ -

3 If more than one dilutidn was tested, use the
result that falls nearest the middle of the curve,

. & -




DETERMINATION OF NITRATE/NITRITE NITROGEN (CADMIUM REDUCTION METHOD)

Vil Determuwnation of Nitrite ° . 2 Use a meter to check the pH of .
the sample and of each nitrite .-
A Preparation of Nitrite Calibration N ‘standard solution. If necessary,
T Standards - adfust the pH to between 5 and 9
. ) with either conc. hydrochloric
1 Mark six 100 ml volumetric flasks . acid or conc. ammonium hydroxide.
with the concentrations ligted in . . S
Table 2, column 2. . , € Color Development "
' 2 Using volumetric pipets.,.measure ' 1 Label clean, 250 ml flasks with
~ the armounts of standard nitrite the concentrations of the standards
solution listed in Table 2 into the or the sample code,
corresponding 100 ml volumetric
flask. - 2 Pipet 25 0 ml of the reagent blank,
edach standard and sample Into its
TABLE 2 . corresponding flask.
Use these |  For this ' . 3 Add 'is ml concentrated ammonium
mls St'd NO3 conc.. mg | Absorbancd chloride - EDTA solution to each ’
J | s801/100 ml NO,-N/1 ' and mix well by swirling. *
. 0.0 ml 0. 00 l. . 1. .. 4_Pipet 50.0 ml of each standard and .
sample mixture prepared wn 2 and 3
9.3 ml 9,09 to'a clean, labeled 100+ mi flask
1.0 ml o710 -+ in acean.‘aee mi flask.
v :'g ::; g zg 5 Add 2.0 ml color reagent to each
10.0 mi_ T.00 - and mix thoroughly by swirling.
) SA;“}:::] T 3etilled witer ool 1 - § Each mixture should stand at least
: encu stilled water to brin]
el solugtion to the 100.0 a1 E 10 minutes (but not more than twg
N -V ml mark. hours) before spectrophotometric
Stopper and mix thoroughly. measurements.

4 Note: One flask contains 100 ml D Spectropho.tometric Measurements |

distilled water (0.00 mg N02-N). + . < a . ‘ |
it is the reagent blank. . .1 The instrument must be warmed up,
* 5 Mark s1x 150 ml beakers with the 2 Use the 510 nm.wavelength. ‘

concentrations listéd In Table 2, column 2.

3. Use the 0.00 mg/]iter nitrite nitrogen
standard (reagent blank) to calibrate .
‘the Instrument.

6 Transfer each calibration standard
to the corresponding beaker.

B pH Adjustr.neqt of Standards and Sample - 4 R:ecord the absorbances in Table 2(

" (A2.above) next to the corresponding 1
concentrations of the gtandards. A ’
gpace i8 also provided for recording
the absorbance of the sample.

1 You should have reserved 100-175
m! of undiluted sample from VIB
(above).

a Nitrite concentrations are*
; usually well within the applica-
bility of this test go sample

E Calibration Curve

1 Obtain a plece of graph paper and

c’\lilution s wbually not required. label the axes. The longer side .
- should be labeled, with the concentra- .
\ . ) . " tlons of the standards as given in
Vo 15¢ Table 2. The shorter axis 18 labeled
_ from 0.00 to 1,00 as the absorbance axis.
. T 26-7
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Il

2 . Use the absorbances recordéd
' for the standards in Table 2,
and the corresponding concentra-
.tion of the standards to plot a
, calibration curve.
™
3 Tit!‘e the grgph "Nitrite" .

F Results . .

1 Use the absorbance value
recorded in Table 2 for the
sample to find the concentra-
tion of nitrite nitrogen from
the curve.

2 A dilution was probably not
necesgsary. If it was required,
calculate the dilution factor -
and apply 1t to the concentration
you found for the sample by using
the curve. -

-
"

a Dilution Factor =

final dilution volume
ml sample used in dilution

ViII CHEGCKING COLUMN EFFICIENCY

A In order to validate results, check the
efticiency of the reduction column by
comparing at least one reduced nitrate
standard to a nitrite standard of the
same concentration. ’

. 1 % efficiency = .

' @sorba}zce of NO,St'a*
v X 100
absorbance of NOj3t'd*

*+ Standards of equal concentration

2 The 5‘4ue is acceptable if it is -
between 98 and 104%.
o
3 The best representation of column
efficiency is the average of the %
efficiencies, calculated by comparing

every pair(5) of NO3 and NO, standards

of equal concentration.

Y,

~

\

-

B If the column efficiency i8 acceptable,
report the résults as required. See *
Section IX., ' .

C 1M the % efficiency of the reduction
column is not within the fcceptable
range, you should remove the copperized
cadmium from the column, add a few grams
of cadmium (new or used) afld repeat all
of section IV, "Preparation of Reduction
Column'' (above),

IX REPORTING RESULTS

3

» The results from this test can be used in a
variety of ways to report nitrate-nitrite
concentrations.,

L9

A Total Natrate plt‘zs Nitrite Nitrogen

1- Report the results from section VI F

* e 2

B Nifrite Nitrogen

1 Report the results from section VII F
' [
C Nitrate Nitrogen
1 Subtract the result for nitrite nitrogen
(VII F) from the result for total nitrate
, plus nitrate nitrogen (VI F) for each
sample.

D Nitrate v

1 Calculate the concentratron of nitrate
nitrogen in the sample a8 described
in C, (above). ;-

2 Multiply this concentration by 4.43

E Nitrite

-

1 Multiply the result for each sample
from section VI1 F by 3.29 .

[

_ i
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Determination of Nitiate/Nitrite Nitrogen (Cadmium Reduction Method)

REFERENCE . ' ,
1 Methods for Chemical Analysis bf Water v .
¢ and Wastes, 1974, USEPA - EMSL, ’ .

Cincinnati, Ohio 45268 .

"

This outline was prepared by Audrey D.

Kroner, Cheniist, National Trainingand . - .
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Cincinnati, Chio 45268 . . .

- 1 T - . ¢
Descriptors: Analytical Techmgques,
Chemical Analysis, Laboratory Tests, 4
Nutrients, Nitrate, Nitrite, Nitrogen, y
Water Analysis '

.
* [




Deter;nlmtién of Nitrate/Nitrite Nitrogen (Cadmium Reduction hethod}

»

.
.
- . .
& -
. [
L]
L]
i
.
>
" +
Ls
. .
—t - e
L L] .
o .
B -
-
.
\ , ) L] h -
L]
v
. -
cemeeramonn o |
i - I
. b
L Y
/ - -
- -
)
.
[
. L
i -
' .
25-10
[
(€) N
ERIC el £




ERIC

Aruitoxt provided by Eic:

e

’ . - + " .
Fl . -
Natarmination of Nitrate/Nitrite Nitrogen (Cadmium Reduction Method) .
. ) . ¢ —
4 " . .
. - R - - » - - [ bt -
) 5 .
. |
LY |
’ * ’ N I
v . -
- W . M e - g - e - - - ———— »
. . . - . A~ . LN .
- ) L . .
U T SO e e e
- ]
*
' . . . t
- * l’
’ »
L] * l ~ ’ *
~ e
, . O
: N
® - - . ’ -— : -
E - o 1 Lo
- . - " . > .
_‘ .. —a . - e e wa .ot » 4 - -~ - B L T S
. .
! ’

. * . - *
%
\
.
-, " .
- . o . L4 . .t
P ) .
’ » - . 0




LABOBATORY PROCEDURE FOR TOTAL SOQLIDS

- -

~

1 ‘iN.TRODU‘CTION A Heat the clean gvaporating dish in a muffle
- furnace at 550 - 50*C for 1 hour. °
A This procedure was excerpted from Methods . . - 4
for Chemical Analydis of Water and Wastes, B Cool the dish in a desiccator,
1979, Environmeital Protection Agency,
Office of Water Programs, Analytical Quality ¢
Control Laboratory.

Store the dish in the desiccator and weigh

just before use,
' —

B  The procedure is applicable to surface and D Weigh the dish on an anzlytical balance.
saline water mestic.and industrial wastes. (Use tongs or tissue to handle the dish).

C The practical range of the determinationis ~ E Shake the sample container vigorously.

10-20,000 mg/L. .
. F Measure 100 m)'of the well-mixed gample
D N mogenuus materials (large floating -, ina graduated cylinder. (At least 25 mg
particles or gubmerged agglomerates) should = of residue should be obtained; less volume
+ be excluded from the sample. Floating grease of sample may be used if the sample appears
and oil should be included in the sample and to be high in solids content. 1If it is low in
dispersed in a blender before measuring the solids content. more sample may be added
aliquot. . to the dish after drying the first aliquot).
E Samples'shmpd be analyzed as soon as G Rapidly, but without spiliing, pour the
, possible, o g sample into the evaporating dish.

[ ]
H Rinse the cylinder with 10-15 ml distilled

water, adding the rinse to the diah.
~ 11 EQUIPMENT

#

I Dry the sample on a steam bath, or at 98°C

A Porgelain, Yycor. or platinum evaporating A
shes, 100 -\1530 ml capacity; smaller (xe;::even; botling an splat.tering) In the
sixes may be used a8 required. "
. +° o ) J Dry the evaporated sample in the oven at
B Muffle furnace, 550~ 50 C 103 - 105°C for at least one hour.
- o " g R
C Drying oven, 103 - 105 C K Cool the dish in the desiccator and then
. we%&; it. (Use tongs or tissue to handle the
D ' Desiccator dish). .
L Repeat the heating at 103 - 105°C, cooling
‘E Analytical balance \ and weighing until the weight losa is less
. . than 4% of the previous weight or 0.3 mg,
F  Steam bath or Qven at 98°C whichever 18 less.
G Graduated cylinder, 100 ml ;
Y OUTLINE 1S CONTINUED ON . ’\
. NEXT PAGE
I PROCEDURE . . . . .
CAUTION- Fingerprints on the dish can - . . ‘
result in weighing errors. '
.Use tonga or & tissue to N
handle the dish throughout the
procedure. ,
. N e 26-1
Sc.lab. 16b. 1, 80 AN ‘ 1 6] _

A ruiToxt provided by ER
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IV  CALCULATIQNS ’ .
mg total solids/L = (wt dish + residue)* — )
. (wt dish)* x 1000 x 1000 . ' . . v s,
ml of sample . y

* in grams

Zhis outline was prepared by C., R. Feldmann,

Chemist, National Training and Operational

Technology Center, OWPO, USEPA |
Cincinmti, Ohio 45268.

DescfMptors: Analytical Techniques, Chemical
Analysis, Laboratory Tests, Solids, Water
Analysis
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LABORA‘I‘O&Y PROCEDUi!’E FOR SUSPEND RABLE} SOLIDS,
) ) . ' ¢an result in weighing errors.

I INTRODUCTION . Use tongs or a tisaue to handle lt. - i

A This procedure wé}taﬂ?cerpted fromm Methods A Assemble the filterlng apparatus™and suction

+for Chemical Analy¥is of Water.and Wastes, flask (either the 2.2 ¢m disc, Gooch crucible
1879, Environmental Protection Agency, and adapter. or the 4.7 cm disc and membrane
Methods Development and Quality Assurance filter funnel}.
Laboratory. 4 .
* o ) B App(y suction to thg flask and wash the

B The procedure is applicable to surface and disc with three successive 20 ml portions
saline waters, dOm;stic and mdustnal of distilled water.
wastes, . - .

’ C Continue the suction until all water has .

C The practical range of the determunation - 4 passed through the disc,

18 10 » 20000 g/ L. :
. D Remove the Gooch crucible plus 2.2 cm

n Al nonhOmogenous particulates {such as disc, wipe the outside thoroughly, and dry
leaves, stickKs, fish and lumps of fecal in the oven at 103 - 105°C for one hour,. or,
matter) should be excluded from the sample. . N

E Remove the 4.7 ¢m disc from the menibrane

E Sample presetrvation is not practical, the " filter funnel onto a planchet and dry in the

analysis should be done as soon as posaible, oven at 103 -~ 105°C for one hour. InDor E
if the disc is not to be used immediately, - =

If EQUIP;MENT ’ store it in the desiceator,

A Glass flber filter discs, 4.7 cmor 2.2 ¢cm, Close to the time of use, weigh the 4.7 cm
without organic binder. Gelman@/E, “ / disc or 2.2 cm disc plus Gooch crucible.
Millipore AP-40, Reeves Angel 334-AH, {Use tongs or tissue to handle the crucible).’
or equivalent. Repedt the drying cy¢le until a constant -

welght 18 obtained. See "Note" on next page.)
&

B Membrane filter funnel (fér use with the

4.7 cm disc), or a 25 ml Gooch crucible G Assemble the filtering apparatus.
(for use with the 2.2 cm disc) and crucible .
adapter. f e H Apply suction to the flask. _

C Planchet to suppo;'t filter disc during drying I Wet the Tilter disc.

~
*

D Graduated cylinders, 25 ml and '100 ml J Shake the sample containér vigorously.
’, |
f = . |
E 500 mml suction flask with hos'e and pgch K Measure 100 ml of the well mixed sample |
" clamp \ °  ina 100 ml graduatedeylinder. (If the |
“ o sample appears to be low in solids, a |
F Drylng oven. 103 - 105*C larger volume may be used). ;
G. Desiccator . * L Rapidly, but without spilling, pour the :
- i “’( *  sample into the funnel or crucible. ] |
H Analytical balance; 200 g capacity. capability . |
of wéighing'to 0.1 mg . M Contintie the suction until all of the water ‘
has pagaed through the disc. . |
* - . ') .
Il PROCEDURE . N Use about 10 ml ofdistilled water to rinse
the graduated cylinder into the filter funnel.,
*  CAUTION:. Fingerprints on the’Gooch - ' : >

E KC pF lab. 17p. 11 &b
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Laboratory Procedure For Suspéended (Non-Filtérable) Solids r -
> * [ n
O Ringe the filter funnel walls with distilled Note. Drying to constant weight refers to
- waten- . T the process of, ) '
P Rinse tHe solids with distilled water. 1) Drying the disc (or diasc plua
B - . ) crucible) at- 103 - 105°C |
Q Remove all traces’ of water by continuing 2) cooling in thé deaiccator |
to apply vacuum. 3) weighing ' -
. 4)’' repeating steps 1), 2). and 3) .
R Remove the 4.7 cm diac from the funnel, 1f there 18 no difference in the two |
place it on a planchet {or watch glasasa), final weights,rthe disc {or disc plus
and dry in the oven at 103 - 105°Cto . crucible) haa been dried to conatant
to consatant weight, or .weight. Welghts that agree within
. . . o 0.5 mg are acceptable, In practice
S Remeove the Gooch crucible plus 2.2 em the initial drying pericd is sometimes
disc and dry in the oven at 103 - 105°C to s ¢extended to several hours Yo ensure
conatant welght. (Use tongs ‘ora tiasug co;ﬁplete drying.
to handle the crucible). . . b .
- -
IV CALCULATIONS ! *
- .
_. mg] nonnlterable (suspended) solids/L . ‘ .
(wt of 4.7 cm diac + reaidue)* - {wt of 4.7 cm disc)* x 1000 x 1000
- ml of sample filtered 1 ’
or ' ) *

l

(wtof 2,2cm disc + Gooch crucible + residue)® - {wt of 2,2 cm diac + Gooch crucible)*x 1000 x 1000

mi of sample filtered . .
¢ ' -
*in gx:ams )
. N * -
N . -- ) . ,
REFERENCE ’ ' . .
- N This outline was prepared by C. R, w
1. Methods for Chemical Analysis of Feldmann, Chemiat, National Training
Watér and Wastes, 1879, U.S5. EPA, * and Operational Technology Center,
MDQARL, Cincinndt{, Ohio 45268, 4 and revised by Audrey D. Kroner, Chemist.
. . . National Training & Operational Technology
Center. OWPO, USERA Cincinnatt, Ohio 45268,
. . Dea‘crlptora Analytical Techni.quea, Chemical
Analysis, Laboratory Teats. Solids. Water
K Analysis
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- . Laboratory Procedure F:or'Susper':ded (Nor~Filterable! Solids ) ‘
- - * 4 ] _N':: < ‘ o T b |
N ) v ‘ . ‘ ] ) ] ‘ _ “ .. ' i
' A T ?boratory Da‘lia Sheet ~ ; . LI i
. ! ‘ . . “/ - for* ) . . o ;
¥ " ” . .
" TRTAL SUSPENDED (NON-FILTERJSLE) SOLIOS, mg/1iter |
- . . - » . . ‘
9 . ' : " - Name of Plant ™ - . , - v
+ L P -y . . . |
STEP suspehoto soLios AL SAMPLE & =€ YAMPLE
. Identificatfon * ’ . \ H N |
Typ€ {grab, etc.) - i & : \ GRAB™ 2 g "
. - : |
i Date & Time Collected \ 5/1/74 0500+ |3 .
o |Ssple Collector ’ v \Ton Sazmpler 4 . :
’ T 7 |#iner 1dageiticaion I ‘[ w2 ~|s i
T l‘ " - N -
Date &.Time Analysis baqan . i 5/1/74 1100 {6 \ j
Y . N . |
_ ; &) Sazmple Filtered o ¥ 67.0 7
15t weight of Filter® .- ; N ’
plus Resfidue (9& -, D.1426 8 »
= " L
2nd weidht of Filter* . . . R
N plus Residue (g) . }ﬁ 0.1416 9 .
E . 2 oitference (15t-20d) ) 1~ ) 0.0010 » 10
r = L] 0 L
. 3rd weight"of Filter> 1 s v
. z * |plus Residue (g) : 2.1413 - n .
~ * | Difference {2nd-3rd) . . 0.0003 12
<ot Final weight of FIltér™ ‘ 0143 )
' plut Residue (g) . ~ : 3
3 r 3 - — %
. Weight of Filter* (q) N 0.1293 .4 1‘
-~ Find Difference {g} by subtrzcting ' 0.0120 /{5
y - Line 14 from Line 13 ' _~
. Oivide to 7 decimal places: -~ ) T
. ilind 15) difference *9! * . ' t 0.6001791 16
/. ! ne nl sampie ter : -~
#Mltiply Line 16 by 1000 000 | 179.1 ;
(move decimalipoint-6 places Rt.) 17
Roynd answer on Line 17 - _ T 3
» . lto nedrest whole nuaber ! 179 &g/ 18
0 T Analyst ' . 1. . v‘gry‘Ana,lysff 19
4*F{1ter® means the filter disc 11 & funne) type filtration assembly s used. [f Gooch ,/ . e
. crucibles ars 65(7”11:«“ means the crycible containing a filter disc. . ,
.. ; \‘




1 REAGENTS
b

A Turbidity - free water - Pasgs distilled
- water through a 0. 45 ufn pore si1ze
+ membrane filter if such filtered water
shows a lower turbidity than the original
distilled water.

B Stock Turbidity Suspension - 400 ¥jjts’

Directions are for pr{p'armg 100.0 ml,
Larger volumes may be required.

|

SOlution- 1.
sulfate, (NH )

Inssolve 1.00g hydrazine
*H SO , in turbidity

< free water and dilute to lOOml in a -

volumetric flask. .

3 Solution 2: Diksolve 10.00g
hexamethylenetetramine in turbidity-
. free water and dilute to 100ml in a
. volumetric flask.

4 Suspension: Mix 5.0ml Solution 1
with 5. 0ml Solution 2 1n a 100 ml
volumetric flask. Allow to stand for
24 Jours at 25 + 3°C. Dilute tothe
maik and myx.

. Y

5 Stability: Prepare a new stock

suspension each'month, ’

e -

C Standard Turbidity Suspension =~ 40 units

-

-»
t 1- Dilute 10.00ml stock turbidity A
suspension to 100ml with turbidity -~
’ free water in a 100 ml volumetric flask.

The tarbidity is defined as 40 units.

[
. « 2 $Stability: Prepate a new standard
suspénsiop each week.

. D -Bijide Standard Turbidity Suspension - -
4 units Th—

[

=

1 Dilute 1.0 ml stock turbidity
Busperision to 100 ml with turbidlty-l
‘ {ree water in a 100 ml volumetric
. fiask. The turbidity ‘should be 4 units,

» -
L] -

B KC TURB.lab.l 1,80 .

»

(1) .
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CALIBRATION AND USE OF A TURBIDIMETER (NEPHELOMETER)

’ »
2 Stability- Prepare a new standard
suspension each week.

Secondary Standards

7’

1 Solutions standardlized with Formazin
can be purchaSed from, the manufacturer
of the instrument,

Date such solutiohs. Store under the
conditions specified. Discard and
replace when flocculation 1n the

solution 1g observed or when 1t fails
a periodic check with a Formazin Standard.

- (2}(3)
PREPARATIONS FOR MEASUREMENTS

Suspensions .

-

1 Check date of preparation and pre~-_
pare fresh solutions 1if required,
.8

(5}
Sample Cell
4

1 Cells should be cleaned immediately

after ugse as described 1n v, B. below.
2 Inspect ffelfs for cleanhiness. If

necessary, clean them using V.B. below.
3 Check cells for scratches and.etchmg. '
Discard those with imperlections.

Instrument .\
1 Scale - If a,8cale is'inserted, ched¥:
that {t is in the correct position. If °
the. scale {8 blank, construct
calibration scale for each ran \
the 'instrumént. (See 11l B), :

2 Zero -Ad]ust meter needleto zero
point an ecale as directed bmahulactuer.
w-' ~ .
3 Lens~ Chee*k}or cleanness. “If required,
_lol}ow'n)anuj‘acturer's tnstructions for *
emoving and cleaning the lens.
Accurate re-positioning of the lens is
critical for aceurate measurements. . i

|28

LY
. o,y

*
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Calibration and Use of a Turbidimeter (Nephelometer} * g . s .

D

-

L

- A
-

4 Warm«Up Period - Follow

manufacturer's wnstructions. Cerin & (y . .
Centinuqus runmng 18 often suggested ’ M}?ASUREMENTS
, because of the.photomult:phef tub.es. A PresCalibrated Scale &\ ‘

(
5 Focus - Use template or method . .
described by manufacturer to.check
and, if necessary, set the focus.

Determine Range of Sample Turbidity

1 Use steps 5 through 16 wn 111 A below
EXCEPT Step 12 which should be:
Obtain a turbidity reading [rom the .
scale. ' : ‘ ’

-

- .

2 Note which Range {(instrument scale)

best "brackets” the turbidity of each
sample.

3 1f the turbidity of 2 sample exceeds
40 units, use the higher scales pro- |
’vided to determne the dilution required
so the [inal reading will be below
40 units. For [nal measuremerf®s, use
the Range (Scale} appropriate for the
’ diluted sample.

IiI INSTRUMENT CALIBRATION AND

1 Each wgek, prepare at least one .

standard forfthe requiréd instrument A

range {3} (as determned in II. D. above)
by diluting one of the Formazin
suspensions described above in I, Re
The table below gives "EXAMPLE
DILUTIONS". -

ents.

f

2 Set the instrument RANGE knob at
the first range to be tested. (The
instrument should be ON, warmed up,
zeroed, etc., as I C above).

L

3 Make any insirume’nt adjustment specified
by the manufacturer to use thas RANGE.

: - s
4 Rinse the SAMPLE CELL 2 tinies with

the appropriate suspension (or sample).

5 Shake fhie suspension to thoroughly
disperse the solids. (For secondary

standards, check the manufacturer's

’ instructions for this steg). - . -
’ . EXAMPLE DILUTIONS ’ [
~ ) .
EXAMPLE . .
INSTRUMENT, TURBIDITY * FINAL FINAL,
NO.| RANGES } VOLUME | STANDARD DILUTION TURBIDITY
1 }o-0.1 Cl2.5m 4 unit 100.0 ml - 0.1 .
2 [o-0.2 5.0 ml ~ | 4 unit 100, 0 ml 0.2 .
3 [0 -,0.3 7.5 ml 4 unit 100.0ml 0.3 .
3 |0-1 ° 2.5 m 40 unit 100. 0 ml .1 :
5 [0~ 3 7.5 ml. ' | 40unit 100.0 m! 3 N+
6 Jo-10 25.0 ml 1‘5‘0 unit 100.0 ml ‘10 »
7 | 0~ 30 7.5 ml .| 400 unit 100.0 ml ", | '30
8 | 0-.100 25 ml | 400 unit 100.0 m! - 100 |
o | 0-300 75 ml 400 gnit 100, 0’ m1 300
10 | 0 - 400 100 ml 400 unlt . 100.0 ml 400
11 | 0 - 1000 100 ml 400 unit _ 100.0 ml ' | 400 R
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Calibration and Uge of a Turbidimeter {(Nephglometer)

»

6 Wafit until air bubbles disappear in
the suspension. .

7 Pour the suspension into the
SAMPLE CELL up to the level
specified by the manufacturer.

- CAUTION: Always hold the cell
above the area from which light
scattering 18 measured.

8 If applicable, screw cap on cell.';

9 wipe the outside of the <;ell with a
hint=free tissue,

10 Examine the suspension in the cell
to check fdr air#wubbles. If air
bubbles ar¢ present; eliminate -
. them- e

a by ins rti,ng the cell ()
holder and waiting a few minutes
80 bubb}es rise above photo-
multiplier tube. CAUTION: More
bubbles can form if a temperature
. rise occu;gs

¥

b by 'holding the cell at the top and:

’ * 1 flicking side with your finger or

\
2 dipping the end of the cell into an
ultragonic cleaning bath ot
. ]
3 centrifuging the filled cell’in
cups with rubber cushions and
surrounded with water. N

4 NOTE: After any of these
* . remedies, again wipe the’
. outside of the ¢gll. When alr
v . bubbles are gone. insertt 3
’ .o cell in the sample holder.

. 11 Place the LIGHT SHIELD according to
@ th‘e manufacmrer's[instmétion.

12 yse the STANDARDIZING control to
‘obtain & meter ;-eading corresponding
to the turbidity of thé standard
Suspension, /

13, Remove the LIGHT SHIELD. ¢ ;

P . 165

\‘l‘ . L~

in the sample

14 - Remove the SAMPLE CELL.
15. Discard the standard suspension.

16 Ringe SAMPLE CELL‘Z times with
. turbidity - free water. -

17 Use Steps 4 through 11 for each .
sample (or diluted sample} to be
tested in thig range. For samples/
step 12 should be : Record the
turbidity reading for the sample.
Then do Steps 13 through 16 as
above.

g’ . ’
NOTE: The final reading for samples
should not exceed 40 NTU. If this
r??ding 1s exceeded for a sample,
dilute it and repeat the calibration/
measurement procedure above using
the appropriate range and standard.

{Selection of the_range\as described

in II. D, above ghould make this

unnecessary at this stage of the
procedure).

B Non-Calibrated Scalg

. . .
Prepare a series of standards and

make a calibration scale for eac

range of the instrument."' '

a The instgument should be ON,
warmed up, zerogd, etc. . as
.in 1 C above. . . ) .

b Prepare enough standards to*
give several poims on each
scale 8o estimated readings can .
be reasonably accurate.

c the table of EXAMPLE
UTIONS in 111 A abotre to

prepare the highest standard ) ,

for each instrument range.

The rest of ‘each calibrating

series can also be prepared = -

by dilutions based on the in-

e formation in the table.

2  Self-prepared scales should algo
be calibrat&d.each day using the
procedure given in Il A abovc for
pre= calibrated scales.



-~ Calibration and Use of a Turbidimeter (Nephelomieter) ~ b

-

N e

3 Self-prepared scales are used for
samples in the magner described in ~
III A above for pré-calibrated scales.

1
- v CALCULATIONIRESULTS( )
) \

A Diluted Samples . :

Multiply final sample readings by the
* appropriate dilution factor.

[N

B Reporting Results -

Report results as follows:

-

NTU . Report to Nearest:
' Q.0-1.0 0,057
- 1 - 10 0.1
2" .
10 - 40 . 1
-\
40 - 100 5.
100 - 300 10
400 - 1000 ~ 50
JlOOO 100

.C Precision and Accuracy :
- - '
1 In a single labora¥ory (MDQARL),
using surface water samples &t
levels of 26, 41, 75 and 180 NTU.
the standard deviations were ¥
. +094.+12and+47un1ts.
: respectlvely.f

2 Accuracy data is not avaﬁable at this
time.

.

v 'STORAGE ~ .

A Standard Suspensions® T
! bl
1 Store.dn glasa containers at room

temperature. -

2 Excess light of heat may affect |
. stabillty,
/ [

& a. 169

£ 0:60,

3 Obsgerve stability times noted for
each in I. above. .

¢

Sample Cells * .
1 Diat.:ard cells with scratches o& :
etching.

2 Clean tells immediately after o
with thig order of treatments

5 o’

a detergent R
% b organic solvents, 1f required

¢ dewonized wav?r

L3

d alcohol or acetone rinses to
dry

e lint-free tissue, i.f'requxred

3 Store wn a manner to protect the
cells from scratches,

Instrument

1 A line operated wmnstrument shoyld
be permanently located so moving
1t often 18 not necéssary.

2 Turbidimeters should be protected
from dust, especially the lens system.

3 Store any removable parts as
directed by manufacturer. .

4 Close any access doors, *

5 Because of the photomyltiplhier tubes,

the manufacturer may suggest con-
. twuous running of the tnstrument to
wnsure maximum accuracy for mea-

surements. Frequency of use can ‘o
determnie the actugl routine (or warm-up
time. .

~ .

6 Follow any other Btorage grections
in the manufacturer's manual. b
*
L]
1 .
J

]




Calibration and Uge of a Turbidimeter {Nephelometer)

REFERENCES

1 Methods for Chemical Analysis of
\gjlter and Wastes; EPA~EMSL
cinnati, Ohio §5268, 1979,

2 Laboratory Turbidimeter, Model 21004,
Hach Chemical Co., Ames, lowa,
1973. )

3.+ Turbidimeters, Information Circular
No. 373A, Fisher Scientilic
Company, Pittsburgh., PA
- & .
4 Handbook for Analytical Quallty ~
‘ Coatrol, EPA-EMSL, Cincinnati,

Ohio 45‘2683 19_?_2- e

+

5 The orientation of the dample cell should *

be identical each time 1t is placed in
the inst ent. Mark the cell and
instrufnedt to ensure that the cell is
oriented consistently., Use the same
cell oughout the procedure.

[]
- *

¢ 4

This outline was prepared by Audrey D. .

Kroner, Chemist, National Trawing and '
Operational Techrtology Center,
OWPO, USEPA, Cincinnati, Ohio 45268, ~

T, i
r . |
. |
Descriptors: Analytical Techniques, . }
Laboratory Tests, Turbidity J
¥
: -
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CALIBRATION AND USE OF A CONDUCTIVITY METER

I” EQUIPMENT AND REAGE“NTS‘
- A A Equipment
1 Solu Bridge conductivity meters
2 Probes
a Cel VSO2 .
b 041 vs2 J .
. ¢ Cell VS20
3 Thermometers . ’
4 400 ml beakers .
B Reégents

&
I Standard KC1 solutions

Normality of Specific Cénductance
KC1 Solution micromhos/cm, '
) 0.0001 ¢ 14,9
0,001 147.0 -
0.01 4413. 0
0.1 . '12 0

2 Distilled water

I CHECKING THE INSTRUMENT

A The measurement of specific conductivity
' as presented in sections I and NI is
written for one type of conductivity meter
and probe,

B A battery check i8 made by depressing
the Battery Check switch, and at-the
same time pressing the on-off button.
The meter needle should deflect to the
right (positive) and.come to rest in the .
green zone,

C Place a 10, 000 ohm resistor in the holes
* of the electrical contacts on the meter,
Turn tfie temperaturs knob to read 25°C, .
. Depress the on-off button ti bring the
meter needle to a ruding -0 by

v
1

CH, COND:’,a.b :ac.u.so K

EC .

oI

* -

turning the specific conductance switch,
The specific conductance reading should
be approximately 200 micromhos/cm,

»
’

‘DETERMINATION OF THE CALIBRATION

CONSTANT

A Deterinine the temperature of the

G

standard KC1 solutions and move the
temperature knob to that value.

Connect probe Cell VS02 to the con-
ductivity meter

Rinse the px:obe in the beaker of
distilled water, wipe the excess water
with a kimwipe and place probe in the
first beaker of KC1 solution (0.0001 N).

ertain the cell is submerged to
a point at least 1/2 inch above the air
hole apd that no entrapped air remains,
The cell should also be at least 1/2

inch from the inside walls of the flask,

Make

Press and hold down the ON-OFF-
button, simultanecusly rotating the main
scale knob until the meter reads zero,
Release the buttog. (If the meter needle
remains off scale or cannot be nulled,
discontinue testing in that solution.)

Record the scale reading in Table 1 and
proceed to~KC1 solutions 0, 001N,
0.01N, 0.1 ing Steps C, Dand E.

1)

Repeat steps rough F uaing the vS2,
then the VS20 probe.

Compute the cell calibration constant-a
factor by which scale readings must be
multiplied to computg specific conductance:

K s cM »
8P,

where K__ = actual specific conductance,
c = calibition constant
M= meter reading "

(continued next page)
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ation and Use of a Conductivity Meter

Cal1 :
L . > *
N ¢ Relative \
. «~, Cell Conduttivity  Maximum range  Most accurate range -
. Number value ¥ rmicromhosfem micromhosfem ‘ ’
. Cell v502 1 0- %0 2. 30 . ‘
Celd vs2 lo s 0. 900 20 - 300
Lell VS20 100 0 = $000 200 - 3000 Lt *
g
. —TAHLE | DATA FOH CALIDRATION CONSTANTS N
| probe Tell vSO2 Cell V52 Cell\'S};O~ A B
B KCl N ‘ )
Soluticas 0.0?01.‘-‘ 0.004N j0.0IN JO.INJ 0.000IN| 0.00IN] 0. O0IN] Osile | 0. 0001N [0.00IN] 0. 0IN| U 1IN 'V y
Test # . ‘ b
o .
Cell .
Consu , . ‘
For each cell, calculate the déll constant -  ACKNOWLEDGMENT
by using the meter reading closest to the R . RN
400 - 6Q0 raoge. The known specific This outline contains certain portions of S
conductance for the corresponding KCl previous outlines by Messrs. J. W, Mandia,
solution can be found in IB Reagents. Record and J. R. Tilstra.
the cell constants on Table I. . ' .
REFERENCES .
. . 1 Methods for Chemical Analysis of
IV DETERMINATION OF Ky, FOR SAMPLES Water and Wastes, USEPA, AQCL, ,
' 5p Cincinnati, OH 45268, 1974.
Obtain meter readings, M, for samples - \
A, B and C using Section III C, D and E. 2  Standard Methods for the Examination
Record M in Table 2. See Table I for of Water and Wastewater, i4th,
?  ‘the appropriate cell constant, ¢, to Edition. 1976,
calculate Kgp for each sample where )
= cM. RecOrd regults in Table 2. 3 .BOOk Of"ASTM Standards,—.Par‘t 31, 19'7 5.
1 ' . )
' ., This outline was prepared by R. Feldmann, .
1y
vV EPA METHODPLOGY Chemist, Natiopal Training afid Operationat
The current EPA Manual(” specifies Technology Center, and revised by Audrey D.
) using the procedures found in Refepences Kroner, also with National Training and .
adaptgd for this ]_aboragory segstion 4 USEPA, Cincinnati, 'Ohio 45268, -
all are aprroved in 40CFR136 for X{If!’)ES "
report purposes. -~ Descriptors;, Anelytical Techniques, Conductivity,
Electrical Conductance, Speclfic Conductivity,
. Water Analysis, .
TABLE 2. SPECIFIC CONDUCTIVITY TESTS . ;)
. Sample A B . c 4 ‘
Probe Call | Cell | Coll | Cell | Coll | Cell | Call | foelk | Cell
 ve02 | vsz| vs20 fvsoxr | vs2 | ¥s20 | vSO2 | vS§2 |vSi0 ‘
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LABORATORY SAFETY PRACTICES i -

! INTRODUCTION

4 N
A Safe Use, Handling and Storage of Chemicals

1 Chemicals in any form can be gafely
~ stored, handled, and used if their
hazardous physical and chemical .
properties are fully understood and the
necessary precautions, 'including the
usg of proper safeguards and, personal
protective equipment are observed.

2 The management of every unit within a
manufacturing establishment must give
wholehearted support to a well integrated
safety policy.

B General Rules for Laboratory Safgty\

L]
1 Supervisory personnel should think
"safety. " Their attitude toward fire
and safety standard practices 18 reflected
in the behavior of their entire staff,

the worker's wi]l to do the correct

things at the ri

2 A safety progrim is only as strong as
gt time.

»

3 The fundamental weakness of most
safety programs les in too much Hp
service to safety rules and not enough
action {n putting theth into practice,

4 .-Sa-fé'ty practices should be practical and
enforceable, . ]

5 Accident prevention is based on certain
common standards of education, training
of persémel and proviJon-ot safeguards
against accidents.,

I LABORATORY D'ES!GN AND EQU!PZ:AENT
A Typeof COnstructiOK{/.'
1 F.‘ -resistant or.laoncombustible :
¢ 2 me story buildings_ should have
adequate means of exit] ¢
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3 Stairways en'clésed-wit}_i brick or

concrete walls -

Labdratories should ha';e adequate exit
doors to permit quick, safe escape in

an emergency and t0O pretect the
occupants from fires or accidents in
adjoining rodms, FEach room should‘be
checked to make sure there is no
chapceof a person being trapped by

fire, explosions, or release of dangerous

gases., [

Laboratory rooms in which most of the
work 18 carried out with flammable

liquids or gases should be provided

with explosion-venting windows. :

+

B Arrangement of Furniture and Equipment

1 Furniture should be ayranged for

maxlmum utilization of available space
and should provide working conditions
that are efficient and safe.

Alisles between benches ghould be at
least 4 feet wide to provide adequate
room for pagsage of personnel and
equipment,

Desks Bhould be isolated from benches
or adequately protected.

Every-laboratory should have an eye-
wash s¥ation and a safety shower.,

C Hoods and Ventilation .

1 Adequate hood facilities should be

installed where work with highly toxic

or highly flammable materials are used, -
[ . — ' L4

Hoods should he ventilated separately

and the exhaust should be.terminated

at a safe distance from the building.

Make-up air should be supplied to

rooms or to hoods to replace the p
quantity of air exhausted through the '
hoods, .

30-! '
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4 Hood ventilatipn systems are best
designed to have an air flow of not kss
*than 60 linear feet per minute across
the face of the hood, with all doors open
. and 150, {f toxic materials are involved,

5 Exhaust fans should be spark-proof if
exhausting flammable vapors and
corrosive resistant if handling corrosive
furnes, 1

6 Controjs for all services should be
- located at the front of the-hood and
" should be operabie when the hood door
{s CIOSed. .

7 Al laborato ry rogms should have the
alr changed continuously at a rate
depenfiing on the materials bemg

N handled.

+ D Electrical Services
1 Electrical outlets should be placed
outside-of hoods to afford easy access
and thus protect them from spills and*
corrosion by gases.

2 Noninterchangeable plugs should be
px‘.\ovided for multiple electrical services.

3 Adequate outlets should be provided and
should be of the.three-pole type to
provide for adtj«i’{te}{omdmg.‘ .

E Storage

i Laboratorbes should provide for adequate
storage space for mechanical equipment
and glassware whigh will be used
regularly,

2 Flammable 8olvents should not be stored

ig glass bottles over one liter in size.
Large quantities should be stored in
- metal safety cans. Quantities requiring
containers larger than one gallon should
be stored outside the laboratory.
-
3 Explosion proof refrigerators should be
‘ used for the storaje of highly volatile
¢ . and flammable solvents.

? .

. 4 Cylinders of compressed or liquified

gases should not he stored in the |
laboratory. . l

-

F Housekeeping .

1 Housekeeping plays an important role
in reducing the frequency of laboratory
actidents. Rooms should be kept in a,
‘neat orderly condition. Floors, s,helves,
and tables should be kept free from
dirt and from all apparatus and chemi-
cals not tn use.

- [

2 A cluttered laboratory Is a dangerous
place to work. Maintenance of a clean
and orderly work space s indicative of
interest, personal pride, and safety-
mindedress.,

-

3 Passageways should.be kept clear to all
building exits and stalrways.

é Metal aéntamers should be provided for
the disposal of broken glas'sware and
should be properly labeled. .

5 Separate approved waste diaposal cans,

l should be provided for the disposal of

chemicals. "
waste . s . ® .
6 Flammable hquids not miscible ‘with
water and corrosive materjals, or
compounds which are likely to give off
toxic vapors  should never be poured
into the sink.

G Fire Protection . L_,_/

1 Laboratory personnel should Be
adequately trained regarding pertihent
fire hazards associated with their work.

‘ 2 Personnel should know rules of {ire

prevention and methods of combating
fires. .

3 Fire extinguishers (CO2 type) should
be provided at convenient lacations and
personnel should be instructed in thelr
uge.

4 Automatic sprinkler systems are
effective for the control 0! fires in .
ﬂaemical laboratorles.
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H Alarms

1 An approved fire ala.rm system should
be provided.

2 Wherever a hazard of accidental releasge
of toxic gases exists, a gag alarm
. system to warn occupants to evacuate
the buflding should be provided.
v
3 Gas masgks of oxygen or compressed air
type should be located near exits and A
selected personnel trained to use.them.

1l HANDLING GLASSWARE
A Receiving, Inspection and Storage .

| Packages comaining glassware should
be opened and inspected for cracked or
i nicked pieces, pieces with flaws that
may become cracked in use, and badly
shaped pieces, a
2 Glagsware ghould be stored on well-
lighted stockroom shelvgs designed and
N s Iraving a coping of sufficient height

around the edges to prevent the pieces | B

from falling off.

hd L)

B Laboratory Practice"' .
. 1 Select glaseware that |8 designed ror the *
type of work planned.’ ', g

i ..
) 2 To cut glass tubing or a rod, make a
straight clean cut with a cutter or file
“"at the point where the piece {8 to be
gevered. g Place a towel over the piece
to protect the hands and fingers, then
break away from the body.
' N ’
3 Large size tubing is cut iy means of a
heated nichrome wire loqped around the
plece at the point of severance.

4 When it {8 necessary to insert a piece
bf glags tubing or a rod through a
erforated-rubber or cork stopper,
%cct the correct bore 80 that the
insertion can be made without excessive
strain. . :
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5 Use electric mantels for heating
distillation apparatus, etc.

6 To remove glass splinters, use a,
whisk brfoom and a dustpan. Very
small pteces can be picked up with a
large piece of wet cotton. G -

.

GASES AND FLAMMABLE SOLVENTS
Gas Cylinders

1 Large .cylinders must be securely
fastened so tha} they cannot be dis-
lodged or tipped~in any direction.

2 Connections, gauges, regulators or
fittings used with other cylinders must
not be interchanged with oxygen
cylindec fittings because of the possi-
bility of fire or explosionfrom a

R
reaction between oxygen and residual
oil in the fitting, ~

3 Return empty cylinders promptly with
protective caps ‘repl'aced. (

" Flammable Solvents

! Store in designated areas well
ventilated,

2 Flash poin ;Ta quuid is the temperature
at which it gives off vapor sufficient to
form an ignitible mixtur€ with the air
near Ehe surface of the liquid or within
the vessel used.

3 Ignition temperature of a substance is
the minlmum temp¥rature required to
initiate or cause self-sustained com-
bustion independently of the heating or
heated element. ’

4 Explosive or flammable limits. For
most flammable liquids, gases and
solids there {8 a minimum conepntration
of vapor in air or 0xygen below which
propagation of flame does not occur on
contact with a_source of ignition.

There is also & maximum proportion of
vapor or gas in air above which
e
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propagation of flame does not occur. B Oxidizing Materials
These limit mixtures of vapor or gas . . ’
with ajr, which if 1gnited will just .1 Such oxidizing agents as chlorates,
propagate flame, are known as the peroxides, perchlorates and perchlor\b

. "lower and higher explosive or flammable acld, in contact with organic matter
limats." can cause explosions and fire.

5 Explosive Range. The differgnce 2 They are exothermic and decompose
between the lowér and higher explosive . ; rapldly, liberating oxygen whichsreacts
or flammable limits, expressed in w1th organic compounds.
terms of percentage of vapor or gas in ,

“ air by volume is known as the "explosive 3 Typical hazardous oxidizing agents are,
range." ‘ r/ .
. , Chlorimme Dhoxide

6 Vapor Density is the relati ensity - Sodium Chlorate

of the vapor as compared with aly. , Potassium Chromate .
) , o . Chromium Trioxide

7 Underwriter's Labordtories Classification Perchloric Acid
15 a standard classification for grading
the relative hazard of the various C Explosive Power
flammable dquids. This clagsificatiort ~ )
is based on the following scale. 1 Many chemicals are explosive or form

. . compotnds that are explosive and
Ether Class . eeoveen.n 100 should be treated accordingly.
Gasoline ClasS....es.s. .90 - 100 _— “2 A few of the more common examples
Algohol (ethyl) Class.... 60 ~ 70 ——0f this class of hazardous materials are,
Kerosene Class +.v0..0. 30 - 40 . Acetylides
Paraffin Oil Class...... 10 - 20 Silver Fulminate -
Peroxides
Peracetic Acid . .
. ) Nitroglycerine .’ .
8 Extinguishing agents . » Picric Acld .
Chlorine and Ethylene :
V CHEMICAL HA ZARDS : Sodium Metal i . '
Ny E . Calclam Carbide
| w 53 H . .
+A Acids and Alkalies., X D, Toxicity , s

1 Some of"the moﬁt haﬁardous ﬂxem%ls. T . 1 Laboratory chemicals Unpraperlsv
are the strong or "mineral’ acids tored or handled can og in ¢
such as hydrochloric, hydrofluorie, . glored, ¢ guge mjury to

Yersonnel by virtue oi;"their toxicity,

. sulfuric and nitric. .

2 Types of exposure! ,There are four
+ types 61’ exposure to chemicals.

2 Organic acids are less hazardous
because of their comparatively low
fonization potentials. However, such a Comact with the skin and eyes
acids as plienol (carbolic acid), :
hydrocyanic and oxallc are extremely b Inhalation 5‘
hazardous because of thelir toxic . ¢ Swallowing

properties. . d Injection | ‘ '

3 Classification of acids .

. ‘ 17¢ N
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* Laboratory Safety Practices :

VI PRECAUTIONARY MEASURES . .

A Clothing and Personal Protective Equipment
1 Chemical laboratories should have

special protective clothing and equiprﬁent
readily available for emergency use and

ERIC
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2 First emphasis In the laboratory
should be on preventing accxdentq..
This means observing all recognized
safe practices using necessary personal
protective equiprtrent and exercising )
proper control over poisonous sub-
stancgs,'u,t.he source of exposur&,

for secondary protection of personnel
working with hazardous materials, =3 So that a physician can be summoned
' promptly, every laboratory should have
2 Equipment ghould be provided for adequate. posted the names, telephone numbers,
bt ; - . and addresses of doctors to be called
a Eye protection . in an emergency requiring medical care.
b Body protection é ) . (
" ¢ Respiratory protection REFERENCES. ‘ )
hY
d Foot protection Guide for Safety in the Chemzical Laboratory,
Hand tecti N the General Safety Committee of the
¢ Handprotection . : Manufdcturing Chemists Association, Inc.,
B Bodily Injury ) Van Nostrand, New Yoérk (1954},
- * '
1 Burns, injuries, and -
-~ ml:erilnju:ies wintji: \::m:nla::::?: aare This outline was prepared by Paul’F. Hallbach,
people must be most concemedry Chemust, Natxonal Training and Operatyonal
) . . ’ Technotogy 'Center, MOTD, OWPO, USEPA,
. - » Cincinnati, Ohio 45268 ’
’ . : ‘ Descriptors: Safety, Laboratory, Practices
) . Safety, Laboratory Design Chemical Storage,
oo I 4 Gas Cylinders, Flammable Solvents -
.
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